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Review a model viewpoint

Critique basic diagrams and elements in SysML:

• Requirements diagrams

• Use case diagrams

• Block definition diagrams

• Internal block diagrams

• Sequence diagrams

• Activity diagrams

• State diagrams

• Parametric diagrams

4

Course Learning Objectives

After completing this training, participants will be able to:

Slides with this icon are “Key Takeaway” 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
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What is SysML?

SysML is derived from UML

SysML Timeline 

UML vs SysML
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What is SysML?

• 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

• Designed specifically for the Systems Engineering domain with extensions for requirements and 

analysis

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

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

• 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. 

• 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. 

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 – The 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

il
la

r

Signal

Operation

Port

Constraint
Constraint Block

Constraint Parameter
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Nine SysML Views

The nine SysML diagrams are categorized as follows:

– Behavioral Diagrams - dynamic change of system behavior over time

– Structural Diagrams - static system structure diagrams

– Requirements 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 –

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
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Modeling For 

Beginners

Drawing vs Modeling

What’s 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 you’re done 

drawing, then go 

do the “real work”

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 it’s 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

• Data 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

• Model visualization

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

information

• Simulation / 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?

• It’s a Drawing (and not a model) if any of the following are true:

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

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

• Changes made here are not reflected anywhere else

• Disconnected from any analytical tools

• Cannot, in principle, be verified by any means other than “inspection”

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

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

subsequent elements

20
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Model Elements 
• May be

‒ Structures

‒ Functionalities 

‒ Behaviors

‒ Relations

‒ Properties / features

• 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, 

• Purpose

• Explanation

• Preconditions

• Post-conditions

• Assumptions (invariants)



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

Theory Time

• Throughout 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

• Example

‒ Block – Instance (part)

‒ Association – connector 

‒ Table layout – table view 

• Similarly 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

• All diagrams have an optional diagram 

frame in addition to model elements

• You can add comments to any diagram

‒ We recommend virtually every 

diagram have a comment identifying 

its scope and purpose

• Every model element has a Description

property that can hold information about 

the element

• Packages are the organizational unit for 

models – (almost) all diagrams and model 

elements reside in some package

• You 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?

– “Compliance in form”

Performed by quality assurance personnel

• Audits – work tasks are performed as per plan 

and guidelines

• Syntactic review – work products conform to 

standard for organization, structure and format

24

What do we mean by “verification & validation” of work 

products?

Valid: Does it solve the right problem?
• Validation = “meets the stakeholder need”

Performed by customer + engineering

Some common techniques

• Review – (subject matter expert & customer) – most 

common, weakest

• Simulation – show simulated input → outputs

• Sandbox – exploratory usage in constrained 

environment

• Flight test – demonstration of system capabilities

• Deployment – early usage of system of partial 

capability

Semantic: Is the content correct?

• Compliance in meaning

Performed by engineering personnel

Three basic techniques

• Semantic review (subject matter expert & peer) –

most common, weakest means

• Testing – requires executability  of work products, 

impossible to fully verify

• Formal methods – strongest but hard to do and 

subject to invariant violation

Syntactic 

Verification
Semantic 

Verification
Validation
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Evaluating Models – Nine Degrees of Goodness

• Model 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

• To evaluate a model, include:

• Consider 3 areas of focus

‒ Functionality

‒ Structure

‒ Behavior

• Consider three aspects of quality for each

‒ Syntactic correctness (well-formedness)

‒ Semantic correctness (accuracy)

‒ Validity (relevancy to the problem)

• Example:

‒ To adequately review a use case analysis, 

several views would be required:

o Functionality

• Requirements diagram and tables

• Use case diagrams

o Structure

• System context diagram

o Behavior

• Multiple scenarios (sequence diagrams)

• State Diagram

• 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

• 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: 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
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General Model Checklist

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

content?

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

❑ Is the model organization reasonable for its purpose?

❑ Is there a clearly identified modeling guidelines standard applied?

❑ Does the model adhere to the modeling guidelines?

❑ Does it follow the naming convention?

❑ Does it follow the organizational schema?

❑ Does it contain the recommended model elements?

❑ Does it contain the recommend modeling views?

❑ Is the model compliant with the relevant external standards?

❑ Do all important model elements have a useful and meaningful description?

❑ Do 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 

• Requirement 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

• Requirements may appear on ANY SysML diagram

• Requirements may be linked to requirements tools in 

one of two ways

‒ Copy & Sync

‒ Reference “remote resources” (on Jazz Platform)

Name

Text

ID
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Requirements Relations

• «trace»

A navigable relation from one 

element to another

• «satisfy»

A relation from an element 

that meets a need to the 

corresponding requirement

• «verify»

A relation from a test case to 

the element it verifies

Note: Directed relations have an owner end that “know about” the relation and can navigate to the target end.

Use cases “know about” the requirements to which they trace, but the requirements don’t know how they

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

• «allocate»

A mapping of one element 

to another, such as the 

mapping the realization of 

a requirement to a design 

element

• Contains

A design-time (not run-

time) ownership relation

• «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
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Requirements Diagram
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Antipatterns

Line crossing

Not in canonical 

form

Not testable

Passive voice

Unclear

No mission 

diagram stated

Not testable

Upside down 

relation
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Requirements Table
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Requirement Diagram Modeling: Key Takeaways

• Requirement is a SysML element that contains a textual specification

• Good requirements are understandable, unambiguous, precise, correct, complete, 

consistent, achievable, and testable

• Requirements may be added to any SysML diagram

• Requirements connect to other requirements with a deriveReqt or Contain relation

• Requirements connect to other model elements with a variety of relations

‒ Trace

‒ Satisfy

‒ Allocate

‒ Verify

• The relations from elements other than requirements are almost universally from 

the other model element to the requirement

38
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Requirement Checklist

• Is each requirement

❑ Stated in its canonical form?

❑ A single statement of functionality or 

quality of services of a function?

❑ Testable?

❑ Unambiguous?

❑ Correct?

❑ Adequately specific for the need?

❑ Specifies need (what) and not design 

(how)?

❑ Compliant with the relevant standards?

❑ Follows requirements naming standard?

❑ Follows requirements ID standard 

followed?

• Is each functional requirement fully qualified 

in terms of

❑ Performance

❑ Precision

❑ Accuracy

❑ Latency

❑ Availability

❑ Safety

❑ Reliability

• Is the set of requirements

❑ Complete?

❑ Consistent?

❑ Covering important exception, 

performance, and edge cases?
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Requirement Diagram Checklist

❑ Are the requirements predominately more abstract and broader at the top and left with more 

detailed requirements lower or more to the right?

❑ Is the purpose  and scope of the diagram stated on the diagram?

❑ Are the relevant properties for all represented requirements visible?

❑ Are all relevant model elements (including but not limited to requirements) to achieve the mission of 

the diagram shown?

❑ Are all relevant relations shown?

❑ Does the diagram hide model elements and properties not relevant to the diagram mission? 

❑ Is line crossing avoided?

❑ Do all the requirements individually meet the requirements check list?

❑ Is the diagram appropriately named?

❑ Is the diagram appropriately scoped?

❑ Is the diagram appropriately located within the model?
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Exercise: Evaluate the following requirement set & diagram

Click to see answer
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Use Case 

Diagram
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Use Cases

• A Use Case specifies a set of actions performed by its subjects, which yields an observable 

result that is of value for one or more actors or other stakeholders of each subject.

• A use case 

‒ Is a set of actions that collectively define an operational capability of a system from an 

external, stakeholder perspective

‒ Is  set of interactions between a system and a set of actors around a singular use of a 

system

‒ Traces to a set of requirements 

‒ Returns a result visible to one or 

more actors

‒ Does not reveal or imply internal 

design or implementation

‒ Is independent of other use cases
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More on Use Cases

• A use case by itself does not define behavior; it may be detailed with behavioral views 

such as sequence, activity, and/or state diagrams 

• All use cases should have a description. Recommended form: 

‒ Name

‒ Purpose

‒ Explanation

‒ Preconditions

‒ Post-conditions

‒ Constraints/Invariants/Assumptions

• Remember all model elements should

have a useful and meaningful description
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Use Case Relations

• Association

‒ Shows the actors with which use cases collaborate

‒ Note: NEVER show associations between use cases

• Generalization

‒ Arrow points to the more general use case. Indicates the more specialized use 

case includes ALL in the more general plus some specializations and extensions

• Include

‒ A kind of “whole-part” relation with the arrow pointing to the included (part) use 

case

‒ Enables reuse of a common capability in other larger use cases

• Extend

‒ Used when a smaller use case just provides additions to a larger use case
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Actor

• An Actor is an element outside the system of concern with which the system has 

meaningful interactions

• An actor

‒ Is a Block (more on blocks later)

‒ May be a human user, a connected computing device, or an element sensed, 

manipulated, or in some way interacted with by the system

GPS_Satellite
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Use Case Diagram
System boundary (optional)

Actor

Use caseGeneralization

Association

Extend

Include A very common problem 

with use case diagrams is 

that people add many 

relations among them “for 

completeness” but these 

additions do not help 

achieve the use case 

modeling objectives
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Another use case diagram with a different mission
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Antipatterns

No mission 

diagram stated

What does that 

even mean?

Is this use case 

too small?

Never have 

associations 

between use cases

Disconnected 

Actor

Disconnected 

use case

Part of system and 

is not an actor

Part of system and 

is not an actor

This is a thing not 

a behavior

Generalization not 

appropriate here

49
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Use Case Modeling: Key Takeaways

• Use Case represents

‒ A collection of requirements around a common system usage

‒ A set of scenarios around a common usage

‒ A set of system functions used together

• Actors are objects outside the scope of the system of concern with which the 

system has important interactions

‒ Use cases related to actors via associations

• Use cases can relate to other use cases in several ways 

‒ Generalization

‒ Include

‒ Extend

• Use cases should never have associations to other use cases

50
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Use Case Checklist
• Each use case

❑ Follows the naming convention

❑ The name is a verb or verb phrase

❑ Has a meaningful description, including

❑ Purpose

❑ Pre-conditions

❑ Post-conditions

❑ Associates to at least one actor

❑ Identifies externally-visible behavior (only)

❑ Traces to a coherent set of requirements

❑ Traced requirements include

❑ Error / exception / rainy-day cases

❑ Performance 

❑ Precision / accuracy / fidelity

❑ Safety

❑ Reliability

❑ Security

❑ Is independent (in terms of the requirements) from all 

other use cases

❑ Is detailed with

❑ More than one sequence diagram

❑ An activity and/or state diagram

❑ Does this detail avoid internal design?

❑ Does this detailed model execute/simulate?

❑ Is this detail linked to specific requirements?

• Things to avoid. The use case

❑ Does not have associations to other use cases

❑ Avoids indicating designs (often indicated by having 

too many relations among use cases)

❑ Is not too small - can be reasonably expected to 

have multiple requirements and multiple scenarios

❑ Is not too large – can be reasonably expected to 

have fewer than 100 requirements or 50 independent 

scenarios

❑ Is too dependent on other use cases

• For the set of use cases

❑ All functional and quality of service

❑ All relations make sense

❑ Not overly burdened with “extra” relations that don’t 

add value
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Use Case Diagram Checklist

❑ Is the purpose  and scope of the diagram stated on the diagram?

❑ Are the relevant properties for all represented requirements visible?

❑ Are all relevant model elements (including but not limited to use cases, actors, and requirements) to 

achieve the mission of the diagram shown?

❑ Are all relevant relations shown?

❑ Does the diagram hide model elements and properties not relevant to the diagram mission?

❑ Is line crossing avoided?

❑ If requirements are shown, do they all properly relate to the use case?

❑ Is the diagram appropriately named?

❑ Is the diagram appropriately scoped?

❑ Is the diagram appropriately located within the model?
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Exercise: Evaluate the following Use Case Diagrams
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Basic Structural 

Modeling in SysML

Blocks / Instances

Port  / Interfaces

Block Definition Diagrams

Internal Block Diagrams

Checklists
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SysML Structural Features

▪ Design Structures

▪ Block, Actors, Events

▪ Value Types, Dimensions, 

Units

▪ Instances

▪ Which have properties …

▪ Operations

▪ Event receptions

▪ Value Properties

▪ Ports

▪ Relations

▪ Association

▪ Aggregation

▪ Composition

▪ Generalization

▪ Dependency

▪ Multiplicity

▪ Connector

▪ Model Structures

▪ Models 

▪ Packages

▪ Diagrams

▪ Tables

▪ Matrices

▪ Language / Tool Extensions

▪ Profiles

▪ Stereotypes
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Package diagram

• A package is a model element that contains other model elements

• Packages serve as the basic organizational unit for models

‒ Models are divided up into different packages

‒ Packages can contain any model element, including diagrams, tables, and 

matrices

• A package diagram shows a set of packages, possibly with some of their contained 

elements and relations

• It is considered good practice to have a package diagram “at the top” of the model to 

serve as an overview / table of contents for the model to assist in model 

comprehension and navigation

‒ Such a diagram is often referred to as a model overview diagram

‒ It is common for such a diagram to have hyperlinks to important diagrams and 

tables in the model
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Model Overview Diagram Example

package

Diagram 

hyperlink

Comment
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Key structural Concepts: Block

• A block represents the “type” of entity

‒ Consists of 

o information (value and flow properties) and 

o services that act on that information (operations & 

event receptions)

o other features (e.g. ports)

‒ As types, blocks exist in the specification / design 

activities (“design-time”)

‒ Hint: Generally, blocks should always have a singular 

name

o Collections are indicated with multiplicity

• Note: you can choose what features of a block or element 

you want to expose on a diagram

Block

Block Name
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Key Structural Concept: Instance and Part

• An instance is a run-time or real-world exemplar of its block 

specification; that is, the block types the instances

‒ All instances of the same type have all the same properties 

but each of those properties may have a different value 

from other instances

• Instances are named <instance name>:<type name> as in

‒ upperRudder:Rudder

• A part is a role an instance of a type plays in a specific context

• If blocks are related via associations then instances and parts 

are related via connectors

• Blocks can associate to other blocks, but not ports on blocks

‒ Only ports on instances or parts can be connected

• An internal block diagram with instances should always be 

thought of as a snapshot of a running or operational system

Instance

Instance Name/

Role name

Block Name
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Block vs Part vs Instance

• A block is a compound type

• An instance is an exemplar of a block with particular values in instance value slots

• A part is a role that an instance plays in a particular context
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Block Relations: Association
• Association

‒ A relation between blocks that indicates that, at run-time, one instance can navigate to, and invoke 

services of, another

‒ Show as a solid line with an optional open arrowhead, if unidirectional
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Block Relations: Aggregation and Composition
• Association

‒ Specialized forms

o Aggregation

• Weak form of whole-part (part 

instance can exist 

independently from the “whole”)

• Shown as a solid line with an 

empty diamond at the owner 

end

o Composition

• Strong form of whole-part 

(means that the part instance 

cannot exist independently from 

“whole”)

• Shown as a solid line with a 

filled-in diamond at the owner 

end
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Block Relations: Generalization
• Generalization

‒ One “is-a-specialized-kind of” another

‒ One block inherits the structure and behavior of another

‒ Shown as a solid line with a closed arrowhead pointing to the more general element
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Block Relations: Dependency
• Dependency

‒ Some other (weak) kind of relation

‒ Shown as a dashed line with an open arrowhead
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Association
• The association relationship allows instances of classes to collaborate by “sending messages” which may be

‒ Synchronous invocation (operation call or synchronous event)

‒ Asynchronous invocation (asynchronous event)

• Contains (optional) direction, multiplicity, association end role names

• Association names can be added but they add little value and are little used

Association Name

Multiplicity

Navigation 

directionRole Name

65
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Putting Relations Together Composition

Association

Generalization

Dependency

Aggregation
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Car

numberOfCylinders:int

startEngine():void

StartEngine()

toggleRadio(on:boolean):void

DiagnosticsPort

Ports
• Ports are named connection points between objects

• Ports are an alternative means to connect blocks to using associations. Ports are optional. 

• SysML has multiple types of ports. The most common are

‒ Standard ports (from UML) – typed by Interfaces

‒ Proxy ports – typed by Interface Blocks

• Ports are typed by interfaces which define the messages that can be sent between the port pairs

• In MBE, ports are used to 

‒ Receive events from other parts of the system

‒ Pass messages to lower-level parts

• Note: Ports on blocks cannot be associated to ports on other blocks; only ports on instances can be 

linked together. Ports are linked with connectors. 
Port Name

Port
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Delegation and Behavioral Ports

Behavioral 

Ports

Delegation 

Ports

Connector

68

Proxy port

Standard port

Conjugated 

port

Unconjugated 

port
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SysML Has several different kinds of ports

• UML (Standard) ports are typed by interfaces, which can specify operations and event 

receptions but not value or flow properties, nor have implementation

‒ Offered interfaces

‒ Provided interfaces

• Flow ports are typed by the value types (such as Joule, Liter, or Real)

• Proxy ports are typed by Interface Blocks

‒ One side must be normal (p:ib) and the other conjugated (p:~ib)

‒ Tilde (~) indicates a conjugated interface

• Full ports are internal parts of a block, exposed to the block’s clients
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SysML Has several different kinds of ports: Standard Ports

Standard port

Interface

Services

Provided Interface

Required Interface
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SysML Has several different kinds of ports: Proxy Ports

Proxy port

Interface block

Interface block

BDD

IBD
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Always read the direction from the unconjugated side
• Always read the “direction” of the 

elements in an interface block 

from the perspective of the 

unconjugated side (without ~)

• Prov means that the 

unconjugated side provides the 

implementation of the requested 

service

• Reqd means the conjugated side 

provides the implement of the 

requested service

• In means the flow property flows 

in to the unconjugated side and 

out from the conjugated side

• Out means the flow property 

flows out from the unconjugated 

side and in to the conjugated side
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Block Definition

Diagrams (BDD)
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Structural Diagrams

• Block Definition 

Diagram

‒ Shows blocks and 

types and their 

relations

‒ May include 

instances if desired
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Another Block Definition Diagram
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Block Diagrams and ICD

• As an alternative to 

textual Interface 

Control Documents, 

BDDs and IBDs can 

be used to show 

interface details

• This is an “Interface 

diagram”

For more detail see 

“Model-Based ICDs” at 

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

Subsystem with ports

Interface

https://www.bruce-douglass.com/presentations
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Antipatterns

Mission statement 

doesn’t describe 

the diagram 

contents

There are unlikely 

to be multiple 

elevator 

controllers

No, button doesn’t 

aggregate Control 

Panel

Name isn’t 

singular

This confuses 

generalization with 

instantiation / usage:

UpButton is a usage 

of button not a type of 

button

So which is it?

Is push – a value 

property or an 

event reception?

Inappropriate type

Missing arguments

Why does elevator 

controller know 

‘button status”?

Likely, wrong 

direction
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Block Modeling: Key Takeaways
• A Block is the foundational structural element in SysML 

‒ Blocks exist at ”analysis/design time”

‒ Block serves as a type for an instance

• Blocks contain important features, such as

‒ Value Properties – values that it owns

‒ Flow Properties – values that it owns that flow across the block boundary w/o the use of services

‒ Operations – behaviors that it performs

‒ Signal Receptions – signals received that invoke behavior

‒ Classifier Behavior (such as State machines) (optional) – state behavior that it performs

‒ Ports (optional) – named connection points typed by 

o Interfaces (standard ports)

o Interface Blocks (proxy ports)

• Blocks relate to other blocks in a variety of ways

‒ Association – collaborates with

‒ Aggregation – (weakly) owns

‒ Composition – (strongly) owns, creates, and destroys

‒ Generalization – is-a-kind-of 

‒ Dependency 
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Block Definition Diagram Checklist
• Does each block

❑ Have a singular noun or noun-phrase name?

❑ Do all views of the block actually relate to the same block definition?

❑ Show relevant properties, such as value properties, operations, receptions, and ports?

❑ Appropriately type all value and flow properties?

❑ Appropriately type all ports with elaborated interfaces (standard ports) or interface blocks (proxy ports)?

❑ Show all operation and reception parameters with their appropriate types?

❑ Avoid the use of generic primitive types, such as int, when enumerated or elaborated types are more appropriate (e.g. 

CombatID using a CombatIDType enumeration type rather than int)?

❑ Use relations appropriately?

❑ Association

❑ Aggregation

❑ Composition

❑Does the diagram

❑ Identify its purpose and scope?

❑ Contain only elements relevant to its purpose and scope?

❑ Contain all elements relevant to its purpose and scope?

❑ Minimize line crossing?
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Exercise: Evaluate the following Block Definition Diagram
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Internal Block 

Diagrams
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Internal Block Diagrams for Associations

• IBDs display the parts of a block and 

their relations.

• Consider the BDD at the right
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Internal Block Diagrams for Associations

• Shows instances and their connections

• Shows the internal decomposition of blocks 

into contained parts

• Some tools indicate multiplicity inside 

square brackets

‒ For example, nav:Navigation[1]

• Remember that while ports cannot be 

connected on block definition diagrams, 

they can be connected on internal block 

diagrams

• Note the names of the parts match the role 

end names of the composition relations, 

and the instance multiplicity matches the 

role end multiplicity
Instance multiplicity

connector

Note that you can optionally show role end names and multiplicity

on the connectors (from the associations) if desired. 
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Side Note: Structured View on Block Definition Diagrams

• Note that this is a block 

definition diagram but 

the aircraft block is 

shown in structured view

rather than the more 

common compartment 

view
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Internal Block Diagrams with Ports

Note my personal choice of interface block naming convention: 

“i” + <unconjugated side> + “_” + <conjugated side>. Ports are named: “p” + <target block>
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Internal Block Diagrams with Ports

Connector 

instantiating 

an association

Connector 

between ports 

on parts
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An Internal Block Diagram for The Speed Demon™ Treadmill
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Antipatterns

No Mission 

statement

Instance with 

anonymous 

type

Instance with 

default name

Inconsistent re: showing 

features (might be ok, 

depending on mission)

Unnamed 

instance

Why is this 

class here?

Feature 

partially hidden 

– is that ok?

Line crossing
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Internal Block Diagram Checklist

• Does each block instance

❑ Have a singular noun or noun-phrase name?

❑ Show its type (block)?

❑ Do all instances of the block actually reference the same block definition?

❑ Show relevant properties, such as value properties, operations, receptions, and ports?

❑ Show appropriate connectors to other instances?

❑ Use relations appropriately?

❑ Association

❑ Aggregation

❑ Composition

❑Does the diagram

❑ Identify its purpose and scope?

❑ Contain only elements relevant to its purpose and scope?

❑ Contain all elements relevant to its purpose and scope?

❑ Minimize line crossing?
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Exercise: Evaluate the following Internal Block Diagram
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Basic Behavioral 

Modeling in SysML

Sequence Diagrams

Activity Diagrams

State Diagrams

Checklists
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Sequence 

Diagrams
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Sequence Diagrams

• Sequence diagrams show the behavior of a group of instance roles over time in 

specific circumstances. 

• Messages are shown as arrowed lines from the sender to

the receiver

• Time flows down the page (mostly)

• Useful for

‒ Capturing typical or exceptional interactions for requirements

‒ Understanding collaborative behavior

‒ Demonstrating that collaboration realizes use case properly

‒ Testing collaborative behavior with model-based testing

(see UML Testing Profile)

Lifeline

93
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Sequence Diagram elements

• Lifelines are roles that instances of blocks play in the context of the scenario, including

‒ Architectural blocks – e.g. system, subsystem

‒ Design elements – e.g. sensor, actuator, controller

‒ Use cases – a stand-in for the system in the context of the use case scenario

‒ Actors – objects outside the scope of the system that contribute to the interaction

‒ ENV – the “system boundary” lifeline that stands for “everything else in the universe other than 

those lifelines explicitly shown”

• Messages may be

‒ Asynchronous event receptions

‒ Synchronous – most commonly “function calls” to the target lifeline services

‒ Messages to self –

o One function owned by an instance calls another function provided by the same instance

o An event sent by the instance state machine to itself

o Timeouts – typically show up on state machines as a timeout event
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More on sequence diagrams

• A lifeline is a representation of a role – the 

usage of an instance of a type in a context 

‒ Lifelines may be instance roles of actors, 

use cases, systems, subsystems, etc

‒ Lifelines can be the source or target of 

messages

Which is better?

Lifelines are typed

Different roles are

separated
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Sequence Diagrams

T
im

e

Lifeline

Such as a state entered or

a value set for a variable

Synchronous Message

Asynchronous 

Message

• Instance of a block

• Instance of an actor

• Instance of a use case

Like sending an 

asynchronous event

Condition Mark

Like a “function call”

Message arguments

Can show arguments

Message to self

96
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Decomposing Sequence diagrams 1

Referenced 

Sequence 

diagram

Known as “horizontal decomposition”

this allows sub-sequences to be nested



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 98

Referenced Sequence Diagram
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Decomposing Sequence diagram 2 Decomposed Lifeline

• Known as “vertical decomposition” this

lifelines to be decomposed
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Decomposed Lifeline

Environment 

lifeline

Shows messages in and out at 

the higher level. 

These should match the higher

level sequence diagram for

messages to and from the Aircraft

lifeline in the higher-level SD
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Interaction Fragment Operators
Category Operator Description Syntax

Naming sd Name the interaction diagram sd <name>

ref Reference an interaction diagram ref <name>

Control Flow loop Repeat interaction fragment loop <range> <loop condition>

loop (0, *) [until stop pressed]

opt Optionally execute interaction Opt <condition>

opt [x<10]

alt Selection alt [case 1] … [case n] … [else]

Alt [x<10]

par, para, parallel Parallel execution par [guard1] … [guard n]

Ordering seq Partial or “weak” ordering (default) seq

strict Strict ordering strict

critical Critical region critical

Causality assert The interaction fragment represents an 

assertion

assert 

neg The interaction represents a negative 

assertion (“can’t happen”)

neg

ignore/ consider Ignore or consider the interaction fragment 

to be within the causal stream

ignore || consider (message name list)

ignore (m1, m2)

consider (m3, m4, m5)

M
o

st
 c

o
m

m
o

n
ly

 u
se

d
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Interaction Operator : Opt and Alt

guard

Alternative 

regions

102
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Interaction Operator : Parallel, Loop, and Opt

103

Parallel 

regions
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What does parallel mean?

• A then B then C 

• X then Y then Z

• But happens first?

‒ A or X?

‒ B or Z?

‒ Z or A?

• Because A and B are in one 

parallel region, but X and Z are in 

another, we don’t know. 

• If we cared, then parallel regions 

was the wrong design choice!
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Antipatterns

No Mission 

statement

Default name; 

no type

No, time can’t 

flow 

backwards

Time is not an 

actor (BAD!)

Time a “message 

to self” (GOOD!)

Informal message
Synchronous messages 

should be horizontal

Line crossing 

(might be ok)

Not singular

Default msg name
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Sequence Diagram Checklist

❑ Are the lifelines typed by blocks in the model?

❑ Is the sequence correct?

❑ Are the use of message types (synchronous vs asynchronous) appropriate?

❑ Do the messages include parameters and arguments, if appropriate?

❑ Is the purpose and scope of the diagram stated?

❑ Is the purpose and scope of the diagram adhered to?

❑ Does the sequence represent the appropriate level of abstraction?

❑ Does it have comments to aid in understanding the flow where needed?

❑ Are there too many levels of nesting of interaction operators on the diagram (recommended to limit 

to 3 levels on a single diagram)?

❑ Is message line crossing minimized?

❑ Are any interaction operators well used?
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Exercise: Evaluate the following Sequence Diagram
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Activity 

Diagrams
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Why Activity Modeling?

• Many behaviors are “flow of control” style in which an action is performed after the 

previous action ends, with possible decision and forking points

• Such modeling can

‒ Define algorithmic behavior

‒ Show how collaborations of structural elements interact in the course of executing 

a larger scale behavior

‒ Allocate actions to different structural elements

‒ Specify fully constructive behavior

‒ (design) Can be used to generate algorithmic code

• Activities are an alternative to state-based behavioral modeling but can be combined 

with it

109
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Introduction

• Activity Modeling is all about flow of

‒ Control (most common)

‒ Data 

‒ Energy

‒ Mass

‒ Materiel 

• Shows the sequencing of actions using control flows

• Execution proceeds via token flow semantics

‒ An action can begin where there is a token on all inputs

‒ Once an action completes, it places a token on all outputs

Activities are defined by sequences of actions (behaviors). This is 

importantly different from state machines which show the sequence of 

states (conditions) but execute behaviors along the way. 

110
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Basic syntax – actions and flows

Initial Flow

Activity Final

Action

Decision node Guard 

111
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Events

Accept event 

action

Send event 

action

TimeoutMerge node

112
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Activity Parameters and Action Pins
Note event 

parameter pin
Object flow

Activity 

parameter
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Object flow

• Object token flow always implies 

a control token flow

• Object tokens are inherently 

queued because tokens 

shouldn’t be lost

• These two different notations 

(object node vs action pins) 

mean exactly the same thing

• Pins should be type-compatible

x:int
Product x Consume x

Produce x 

anotherway x:int
Consume x 

another way

x

Object nodeObject flow

Action pin (in)Action pin (out)

Expose types (optional)
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Activity Parameters and Action Pins

Call 

Operation 

Action

Call Behavior 

Action



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 116

Merge Node

Merge node

Merge is needed because control flows 

flows have ANDing semantics

So this is a way of saying “continue

here if ANY of these flows occurs” 
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Another Activity Diagram: Use Key Pad to Unlock Door
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Fork and Join

• Explicitly shows parallelism

• Not needed in most cases because of token execution semantics

=
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Activity partitions (“Swimlanes”)

• Activities may be partitioned into swim lanes to show which block is responsible for 

executing the actions in the activity.

119
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Antipatterns

TOKEN value

TOKEN is how Rhapsody refers to 

a returned value in a guard (legit) 

Guard 

conditions 

overlap

Probably mean 

“==“ not “=“

This action will never execute 

(missing merge)

Mission?
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Activity Modeling: Key Takeaways

• Activities can represent the behavior of

‒ A single block

‒ A single function or operations

‒ A collection of blocks

• Actions are run-to-completion behaviors which are connected by control flows within an 
activity

• Data is represented either with pins on actions (or parameters on activity diagrams) or by 
object nodes

• Special actions include

‒ Event Reception actions

‒ Event Send actions

‒ Timeout actions

‒ Call Operation actions (call a named function)

‒ Call Behavior actions (invoke another activity diagram)

121
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Activity Diagram Checklist

❑ Is there an initial (default) control flow?

❑ Are all actions connected by a control or object 

flow?

❑ Is there a terminal connector?

❑ Is line crossing minimized? 

❑ Is the purpose of the diagram properly specified?

❑ Are parallel flows independent in terms of order 

of actions?

❑ Is the action language used appropriate for the 

intent?

❑ Natural language to capture conceptual flow

❑ Action language for specific and/or 

executable flow

❑ Does the activity model execute?

❑ Are swim lanes used appropriately?

❑ Do they imply allocation of functionality

❑ Are race conditions avoided?

❑ Does the activity diagram execute?

❑ Is it clear how the correctness of the 

activity diagram is verified?
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Exercise: Evaluate the following Activity Diagram
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State Diagrams
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State Machines

A state is a distinguishable, disjoint, 

orthogonal condition of existence 

of an object that persists for a 

significant period of time

A transition is a response

to an event of interest moving

the object from a state

to a state.

125
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State Machines

An action is a run-to-completion 

behavior. The object will not accept

or process any new events until

the actions associated with the

current event are complete.

Order of action execution

(1) exit actions of current state

(2) transition actions

(3) entry actions of next state

126
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Basic State Machine Syntax (Rhapsody)

State nameAction listGuardEvent name

Entry action

Exit action

Internal Transitions 

(“Reactions in state”)

State

127

Rhapsody doesn’t support 

“do activity”
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Basic State Machine Syntax (Cameo MagicDraw)

128

Do activities are 

behaviors that

1. Start after the 

state is entered

2. Are interruptible 

by incoming 

events to the part 

(interruptible 

between the 

actions on the 

activity)

Note all the other 

behaviors are non-

interruptible by 

incoming events. 
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Triggers and Guards (Rhapsody)

Guard

Event trigger

Entry action

Send action

Terminate

pseudostate

Initial 

pseudostate

Timeout event

Exit action
Null-triggered 

transition

Conditional pseudostate

(“junction”)

Transition 

action

129

evACK
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Triggers and Guards (Cameo MagicDraw)
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Nested States

• States may be nested inside 

composite states

‒ Transitions to the 

composite state go to the 

default nested states 

(unless a specific nested 

state is specified)

‒ Transitions leaving the 

composite state apply to 

all nested states

• Nested states should be used 

only when it simplifies the 

overall model

Composite 

state

Nested 

State
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Let’s see how it works: Scenario 1 Step 1

Magenta 

indicates 

current state
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Scenario 1 Step 2

Green 

indicates last 

state and last 

transition 

taken



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 134

Scenario 1 Step 3
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Scenario 2 Step 1
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Scenario 2 Step 2
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Scenario 2 step 3
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Scenario 2 Step 4
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Scenario 2 Step 5
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Scenario 5 Step 6
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AND States for simultaneously true conditions

• AND-states (aka 

“orthogonal regions”) 

model simultaneously true 

independent conditions in 

the state machine

• Each AND-state should 

have its own initial 

(default) transition

• Race conditions can arise 

if the and-states are not 

truly independent

AND-state 

line

AND-state

141
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AND-States can simplify models

With And-States

Without And-States

142
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Forks and Joins in State Machines

1

2

3

4

2
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Antipatterns (1)

No starting 

state

Can’t join different 

events

Only 1 of these 

will win
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evCoin

145

Antipatterns (2)

Conflicting 

Transitions

Probably 

ordering 

problem

Overlapping 

guards

Race 

Conditions
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State Modeling: Key Takeaways

• State machines always represent the behavior of a single classifier (e.g. block)

• States are conditions of the instance 

• Transitions represent the change of condition when the instance receives an event

• Actions are the behaviors executed when the instance changes state and may be

‒ Entry actions

‒ Exit Actions

‒ Transition actions

‒ Send actions are a kind of action that send events to the same or different 

instances

• Timeouts are a kind of event based on time (e.g. tm(1000) or after(99))

146
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State Diagram Checklist

❑ Is there an initial (default) transition flow?

❑ Do the states (generally) wait for an event of interest to execute behaviors?

❑ Are actions specified in the appropriate action language?

❑ Natural language for conceptual model

❑ Action language for specific / executable models

❑ Is the data carried by events properly specified?

❑ Does the use of nested states simplify the state model?

❑ Does each nested state provide its own initial (default) transition

❑ Are AND-states used sparingly?

❑ Are states in different models independent in order of execution

❑ Does each AND-state have its own initial (default) connector

❑ Use of AND-states simplifies the state model 

❑ Does the state machine execute?

❑ Is it clear how the correctness of the state machine is verified?

❑ (DON’T) Is the state machine really just an activity flow using state syntax?



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 148

Exercise: Evaluate the following State Diagram

state_0

state_1

WaitForPilotReady

ReadyStage2

readyStage1

evX

PilotReady

Reactions

enableControlPanel(READY_STATE);

evPilotRead/
set the button color red

ShuttingDown

evShutDown[when the pilot releases control]
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Basic Parametric 

Modeling in SysML

Parametric Constraints

Instance Specifications

Parametric Diagrams

Checklists
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Parametric Constraint Modeling Core Concepts

• Constraint

‒ Specifies a limitation on a value or property which is either mathematical or logical. 

• Constraint Block

‒ A SysML Block that contains of one or more constraints and one or more 

constraint parameters 

• Constraint Parameter

‒ Binds an input or output value to a value reference in a constraint

• Constraint Property

‒ An instance (usage) of a constraint block

• Binding Connector

‒ A binding connector links a value property to a constraint parameter
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Parametric Constraints

Constraint

Constraint 

Block

Constraint 

Parameter
Constraint 

Parameter 

Constraint Property

Constraint 

name

Shown on a Block 

Definition Diagram

Shown on a 

Parametric Diagram
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Specifying Parametric Constraints

These are defined in 

property definition 

dialogs, available for 

all model elements. 
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Parametric Diagrams
• Link together constraint properties, 

which are defined by constraint 

blocks, with binding connectors to--

‒ produce some computational or 

logical outcome, or

‒ to express a computational or 

logical relation

• Used to--

‒ Perform mathematical analysis

‒ Aid in evaluation of measures of 

effectiveness for trade studies

‒ Provide a series of computations
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Parametric Diagrams (simple example)

Blocks can contain 

Constraint Properties

Fix input to density 

calc
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Parametric Diagrams (more complex example)
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Parametric Diagrams (trade study example)

This Pacemaker block 

has attributes

• cost

• deviceLifetime

• volume

This block is special-

purpose, created for this 

analysis

MOE Utility 

curves

Optimization 

objective 

function

Alternative 

case values
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Parametric Diagrams (trade study example)

See Trade Studies with Rhapsody and SysML at

https://www.bruce-douglass.com/presentations for more detail

Instance specifications of

Pacemaker Block

https://www.bruce-douglass.com/presentations
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Antipatterns

itsSomeMath:SomeMath

1 «C onstraintProperty »

a:Mole

out:Kilogram
in1:OMString

SomeMath

«C onstraintBlock»

Constraints

{{const1} a+b/(c+}

a:Mole

out:Kilogramin1:OMString

SomeMoreMath

«C onstraintBlock»

Constraints

{{c1} out = 1 / in}

out:OMStringin:OMBoolean

itsSomeMoreMath:SomeMoreMath

1 «C onstraintProperty »

out:OMString

in:OMBoolean

x:double=0.334
«ValueProperty»

Parameter is being 

treated as an input, 

but is defined as 

an output

Incompatible types
Parameter not 

connected

Invalid expression 

as constraint

Computation not 

relevant to inputs

Incompatible types
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Parametric Constraint Key Takeaways

• Parametric diagrams express mathematical or logical constraint relations among sets 

of values

• These constraint relations include

‒ Constraints: statement of the mathematical or logical relation

‒ Constraint blocks: combine constraints and constraint parameters

‒ Constraint parameters: define input and output variables

‒ Constraint properties: usages of a constraint block in a specific context

‒ Binding connectors: connect values and constraint parameters
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Parametric Diagram Checklist

❑ Is the constraint mathematically or logically valid?

❑ Are the connected input and outputs compatible in terms of type and units?

❑ Are the inputs and outputs appropriately named?

❑ Do the outputs of an element match up to the inputs of the constraint property to 

which it is bound

❑ Are the constraint blocks and constraint properties appropriately named

❑ Is the purpose of the parametric diagram clearly stated



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 161

Exercise: Evaluate the following Parametric Diagram

• Identify any problems with the parametric diagram

• If x (.334), y (.779), and z (0.118) are all probabilities,

what is (x AND y) OR z, given than

• AND = input1 * input 2

and

• OR = input1 + input2 – input1*input2?

• Does this parametric diagram

properly compute that? 
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Basic Tables & 

Matrices in SysML

Traceable Dependencies

Trace Matrices

Checklists
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Table vs Matrix

• A table is a view of a selected set of model elements in a defined context which 

exposes data or properties of those elements

‒ Example: Requirements Table (predefined in SysML) shows all requirements in a 

specific set of packages and their name, id, and requirements text

• A matrix is a view of a common set of relations between sets of model elements in a 

specified context

‒ Example: Use Case – Requirements Trace Matrix shows the requirements that 

are traced to or from a selected set of use cases

• Core concepts

‒ Layout vs View: Layout defines the structure and contents, the view adds the data 

from a specific context (typically a set of packages)

‒ Metadata – data owned by a model element that may be exposed in a table

‒ Relation – a navigable relation between pairs of model elements
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Tables are Useful for Summarizing Information

Tables are useful for showing the information, properties, relations, and connections of 

model elements in the model.

‒ Information held in the properties of model elements is often referred to as 

metadata

Tables are commonly used to show requirements and requirements metadata. 

In addition, tables can:

‒ Show design element metadata

‒ Show relations among model elements and the properties of elements to which the 

model elements are related

‒ Summarize information held in multiple diagrams

‒ Be easily imported and exported to spreadsheets

o Import allows information in spreadsheets to be brought into models

o Export allows information to be exported to spreadsheets
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Example: Requirements Table

• Tables report on 

elements of a 

common type 

within a 

specified scope

• Columns show 

the values 

different 

properties of the 

elements within 

the table

You can add more columns of metadata as desired. 
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Example: Requirements Table with Derivation Metadata

166
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Data Schema Table

Tables are useful beyond 

requirements. 

This table shows design 

elements related to the 

data schema (model of 

information), including 

detailed metadata such 

as extent (range of 

permissible values), 

latency, accuracy, fidelity, 

and precision. 
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Table Checklist

❑ Is the right layout selected?

❑ Is the purpose of the table understood and described in the model?

❑ Is the depicted set of metadata appropriate to meet the objective of the view?

❑ Is the context (set of packages) appropriate to meet the objective of the view?

❑ Is the table readable?

❑ Is the data in the table actually correct?

❑ Does the data in the table conform to your modeling standard?
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Matrices Are Useful

Matrices are more limited than tables. They are arranged in a model element x model element structure 

where the table cells indicate the presence or absence or relations.

• Relations: Matrices provide an easily consumable view of the relations between sets of elements

‒ Empty rows and columns can be particularly informative. (“Should there really be no relation 

there?”)

• Common Uses: Common uses of matrices in models are to:

‒ Trace relations between sets of requirements. For example, stakeholder versus system 

requirements

‒ Trace relations between use cases or user stories and requirements

‒ Show relations between requirements and design

‒ Show relations between requirements and test cases

‒ Show allocations of requirements and features to design elements
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Connect Work Products with Traceability Links 
Benefits

• Requirements: Helps ensure requirements are met and verified

• Risk: Lowers project risk

• Audits: Creates an audit trail

• Consistency: 

‒ Ensures consistency among work products

‒ Helps manage consistency over the long term

Design /Elements

D1 D2 D3 D4 D5

R
e
q

u
ir

e
m

e
n

ts R1 x x

R2

R3 x

R4 x

Justification: 
Why is this design element here?

Different kinds of model elements

to potentially include in trace matrices

Unimplemented
requirement
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Requirements Trace Matrix

• Matrices show specified kinds relations between sets of elements of different 

types from different scopes (packages)

System Stakeholder 

(Customers)
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Trace relations between Stakeholder and System Requirements 

• Empty columns indicate the absence of system requirements for a stated 

stakeholder need
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Example: Use Case – Requirements Trace Matrix
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Matrix Checklist

❑ Is the right layout selected?

❑ Is the purpose of the matrix understood?

❑ Is the set of source elements appropriate to meet the objective of the view?

❑ Is the set of target elements appropriate to meet the objective of the view?

❑ Is the set of relations shown among those elements appropriate?

❑ Is the context (set of  source and target packages) appropriate to meet the objective 

of the view?

❑ Is the matrix readable?

❑ Is the data in the matrix actually correct?

❑ Are there missing relations?

❑ Are there relations that shouldn’t be there?

❑ Do the relations in the table conform to your modeling standard?
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Thank You

Bruce Douglass, Ph.D.

bdouglass@mitre.org

@IronmanBruce

https://www.linkedin.com/in/bruce-douglass-phd/

mailto:bdouglass@mitre.org
https://www.linkedin.com/in/bruce-douglass-phd/
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Knowledge 

Assessment

ON YOUR OWN TIME

Review diagrams representing a 

system and respond to 

questions about its content and 

meaning



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

Review the following diagrams and views

• These diagrams represent the visualization of content of a systems engineering model 

of a microwave oven. 

• Review the diagrams and the elements they visualize 

• Answer the following questions and critique diagrams where indicated

• Recommendation

‒ Refer to the SysML checklists when answering questions in the Knowledge 

Assessment
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Diagram types (List to be used for all 15 diagram type questions)

• Requirements diagram

• Use case diagram

• Package diagram

• Block definition diagram

• Internal block diagram

• Sequence diagram

• Activity diagram

• State diagram

• Parametric diagram

• Requirements table

• User-defined table

• Allocation matrix

• Trace matrix

• User-defined matrix

• Other diagram or view
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Knowledge Assessment 1

All diagrams in this 

Knowledge Assessment 

come from the same 

model. 
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Questions KA 1

1. What kind of diagram is this? Select from the list*.  

2. What is the purpose or usage of this diagram? Select the best answer.

a) Shows the outcome of system verification activities

b) Links behavior to structural design elements

c) Lists behavioral elements of the model

d) Provides an overview of the model

3. Are there any issues with this diagram? Select all that apply.

a) Wrong kind of diagram used

b) Missing purpose statement

c) Missing scope statement

d) Using images in inappropriate on diagram

e) Diagrams shouldn’t be shown inside of packages

* See list of diagram types here
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Knowledge Assessment 2
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Questions KA 2

1. What kind of diagram is this?  Select from the list. 

2. What is the purpose or usage of this diagram? Select the best answer

a) Show design realization

b) Show requirements, their properties and relations

c) Link use cases and requirements

d) Connect constraint properties to value properties

3. Are there any issues with this diagram? Select all that apply.

a) Missing mission statement comment

b) Missing relations to design

c) Two requirements are unnamed

d) Req 11 and Req 12 are poor requirements (inexact, ambiguous and untestable)

e) The use of the shall keyword is wrong
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Knowledge Assessment 3
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Questions KA 3

1. What kind of diagram is this? Select from the list. 

2. What is the purpose or usage of this view?  Select the best answer.

a) Show design realization

b) Show requirements and their properties

c) Trace between use cases and requirements

d) Connect constraint properties to value properties 

3. Are there any issues with this diagram? Select all that apply.

a) Missing relations to design

b) Two requirements are unnamed

c) Req 11 and Req 12 are poor requirements (inexact, ambiguous and untestable)

d) The use of the shall keyword is wrong

e) The requirement ids are missing
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Knowledge Assessment 4
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Questions KA 4
1. What kind of diagram is this? Select from the list.  

2. What is the purpose or usage of this diagram? Select the best answer.

a) Show use cases, actors, and their relations

b) Show design realization

c) Show the requirements related to a particular use case

d) Show trace relations between use cases and requirements

e) Show system parametrics

f) Show algorithmic behavior

3. Are there any issues with this diagram? Select all that apply.

a) Wrong relation is used between use cases and actors

b) Non-noun actor names

c) Non-verb use case names

d) No diagram mission statement

e) One use case description exposed on the diagram; do the others have descriptions?

f) Missing relation: Surely the power source contributes to the cooking of food as well?
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Knowledge Assessment 5
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Questions KA 5
1. What kind of diagram is this? Select from the list. 

2. What is the purpose or usage of this diagram? Select the best answer.

a) Show use cases, actors, and their relations

b) Show design realization

c) Show the requirements related to a particular use case

d) Show trace relations between use cases and requirements

e) Show system parametrics

f) Show algorithmic behavior

3. Are there any issues with this diagram? Select all that apply.

a) No diagram mission statement

b) Wrong relation between requirements and use case used

c) Traces from Req 5, Req 6 and the unnamed required (id 7) trace relations are in the wrong direction

d) Traces to Req 1, Req 2, Req 3, Req 4, Req 10 and the unnamed requirement (id 8) are in the wrong direction

e) Missing links to design elements

f) Non-verb use case name
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Knowledge Assessment 6



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 190

Questions KA 6
1. What kind of diagram is this? Select from the list. 

2. What is the purpose or usage of this view? Select the best answer.

a) Show use cases, actors, and their relations

b) Show design realization

c) Show the requirements related to a particular use case

d) Show trace relations between use cases and requirements

e) Show system parametrics

f) Show algorithmic behavior

3. Are there any issues with this diagram? Select all that apply.

a) You can’t create trace relations between use cases and requirements

b) Some requirements are unnamed

c) There are no requirements for two of the use cases

d) Some traces are in the wrong direction

e) Requirements text and other metadata are not shown

f) Relations to actors are not shown
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Knowledge

Assessment 7
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Questions KA 7
1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show microwave capabilities

b) Illustrate microwave parametrics

c) Show the behavioral flow for cooking food

d) Show microwave oven state behavior for cooking food

e) Describe structural design model types

f) Show system structural context

3. Are there any issues with this diagram? Select all that apply.

a) No mission statement comment

b) Wrong kind of arrow used

c) Unnecessary line crossing

d) Missing initial flow

e) Open Door activity can never start

f) Multiple flows exiting an action are not allowed
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Knowledge Assessment 8
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Questions KA 8

1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show microwave capabilities

b) Show the constraint blocks and elements related to the parametric analysis

c) Show the behavioral flow for cooking food

d) Show microwave oven state behavior

e) Describe structural design model types and their relations

f) Show system in its operational context

3. Are there any issues with this diagram? Select all that apply.

a) No missions statement comment

b) Block shouldn’t show parts

c) Wrong relation used to actors

d) Poor actor choice

e) Not all actors are connected
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Knowledge Assessment 9
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Questions KA 9
1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show microwave capabilities

b) Show the constraint blocks and elements related to the parametric analysis

c) Show the behavioral flow for cooking food

d) Show microwave oven state behavior

e) Describe structural design model types and their relations

f) Show system in its operational context

3. Are there any issues with this diagram? Select all that apply.

a) No missions statement comment

b) Blocks shouldn’t show values

c) Wrong block relation types used

d) Composition relation between Controller and Microwave oven is backwards

e) Composition relations between Button and Panel are all backwards

f) Interface blocks shouldn’t be shown

g) Ports are not connected
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Knowledge Assessment 10
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Questions KA 10
1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? 

a) Show microwave capabilities

b) Show the constraint blocks and elements related to the parametric analysis 

c) Show the behavioral flow for cooking food

d) Show how the parts of the microwave oven connect

e) Describe structural design model types and their relations

f) Show system in its operational context

3. Are there any issues with this diagram? Select all that apply.

a) No mission statement comment

b) Part values not shown

c) Ports pEmitter and pController are untyped

d) ~ character not allowed in port type names

e) Multiplicity on digitButtons (22) doesn’t match the previous BDD (10)

f) Carousel and light are connected without using ports
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Knowledge Assessment 11
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Questions KA 11

1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show system interfaces

b) Show microwave capabilities

c) Show the constraint blocks and elements related to the parametric analysis

d) Show internal structure of a block

e) Describe structural design model types and their relations

f) Show system in its operational context

3. Are there any issues with this diagram? Select all that apply.

a) No mission statement comment

b) Relations among blocks not shown

c) Flow properties cannot be shown on this diagram type

d) iEmitter_Controller has no signals, operations, or flows.

e) Directionality of iController_Panel signal receptions not specified
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Knowledge Assessment 12
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Questions KA 12
1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show controller block activities

b) Show controller block structure

c) Show controller block state behavior

d) Show controller block parametrics

3. Are there any issues with this diagram? Select all that apply.

a) No mission statement comment

b) Missing initial state

c) After being Paused, there are two evResume transitions; which one would be taken?

d) evCook doesn’t have a guard to ensure the door is closed

e) Transitioning via evResume to Final State contradicts requirements

f) You can only cancel from the Processing Power state not from Processing Time, Cooking or Paused

g) Missing final state

h) States cannot contain states
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Knowledge Assessment 13
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Questions KA 13 
1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show the activity behavior of emitting microwaves with varying power levels

b) Show the state behavior of emitting microwaves with varying power levels

c) Show the operations of the microwave emitter

d) Show the value properties of the microwave emitter

3. Are there any issues with this diagram? Select all that apply.

a) No mission statement comment

b) Missing initial node

c) Missing activity final node

d) Activity parameters are not allowed on the diagram frame

e) Power Emitter action can never happen because there are two mutually exclusive input control flows

f) Cooking Time activity parameter is shown as an output parameter but it is actually an input

g) Wrong flow type used between actions

h) When the door open, the activity terminates, but it might leave the emitter ON if it was executing that action
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Questions KA 14
1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show system interfaces

b) Show microwave capabilities

c) Show the constraint blocks and elements related to the parametric analysis

d) Show internal structure of a block

e) Describe structural design model types

f) Show constraint relations related to power use

3. Are there any issues with this diagram? Select all that apply.

a) No mission statement

b) Cooking time parameter for OvenOutput constraint block isn’t used

c) Constraint for EnergyConsumed constraint block ill-formed

d) Constraint properties are not connected

e) percentageUsed slot for bigOven instance specification has the value -16.0. What does that even 

mean?
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Knowledge Assessment 15
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Questions KA 15
1. What kind of diagram is this? Select from the list. 

2. What is its purpose of use? Select the best answer.

a) Show system interfaces

b) Show microwave capabilities

c) Show the constraint blocks and elements related to the parametric analysis

d) Show internal structure of a block

e) Describe structural design model types

f) Show constraint relations related to power use

3. Are there any issues with this diagram? Select all that apply.

a) No mission statement comment

b) Energy Consumed constraint property has a minutes constraint parameter that isn’t connected

c) Cooking Session part doesn’t have a relevant value property to provide minutes of cooking (although it does 

name a model name as a string)

d) Wrong kind of relation used between constraint blocks

e) Proxy ports should be used instead of constraint parameters

f) Constraint blocks should be used rather than constraint properties
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Knowledge Assessment Answers

1. KA 1

1. Package Diagram

2. D

3. B, C

2. KA 2

1. Requirements Diagram

2. B

3. A, C, D

3. KA 3

1. Requirements Table

2. B

3. B, C

1. KA 4

1. Use Case Diagram

2. A

3. D, E, F

2. KA 5

1. Use Case Diagram

2. C

3. A, C

3. KA 6

1. Trace Matrix

2. D

3. B, C, D
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Knowledge Assessment Answers

1. KA 7

1. Activity Diagram

2. C

3. A, C, D, E

2. KA 8

1. Block Definition Diagram

2. F

3. A, E

3. KA 9

1. Block Definition Diagram

2. E

3. D, E

1. KA 10

1. Internal Block Diagram

2. D

3. A, C, E

2. KA 11

1. Block Definition Diagram

2. A

3. A, D, E

3. KA 12

1. State Matrix

2. C

3. A, C, D, E, F
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Knowledge Assessment Answers

1. KA 13

1. Activity Diagram

2. A

3. E, F, H

2. KA 14

1. Block Definition Diagram

2. C

3. A, B, C, E

3. KA 15

1. Parametric Diagram

2. F

3. A, B, C
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Answers
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Requirements Diagram Answer 

• The Contain relations don’t seem to make sense

• Missing mission statement for diagram

• Some requirements are on top of others (harder to read)

• The use of <<verify>> is wrong

• Mixed mission, since requirements exist about functionality, hydraulic, and compliance 

with DO-178 standard

• This requirement is not in canonical

form and isn’t clear or testable: 

• This one isn’t a single testable statement

FuncReq_18
«Requirement»

The Right Outboard Aileron 

Trim control is to be fast 

and smooth.

FuncReq_0
«Requirement»

Each system shall control the angular position of 

the following control surfaces:  upper and lower 

rudder, upper and lower rudder trim tabs, left and 

right elevator, left and right elevator trim tabs, 

left and right inboard aileron, left and right inboard 

aileron trim tabs, left and right outboard aileron,  
left and right outboard aileron  trim tabs,  left and 

right inboard wing flaps, left and right inboard 

wing flap trim tabs, left and right outboard wing 

flaps, left and right outboard wing flaps,  left and 

right ground spoiler, left and right flight spoiler, 

and the left and right leading edge flap. 

Hit <Back Arrow> to return to presentation
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Use Case Diagram Answer

Likely part of the

System and not an

actor

Actors should have 

noun named, not 

verbs

Poor actor choice. 

“Missions Ops” 

actor maybe?

Missing actor. 

“Satellite” or “GPS 

Satellite” maybe?

Generalization 

direction incorrect

Use case names 

should not be 

nouns

Unlikely

No diagram mission 

statement

Unlikely
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Block Definition Diagram Answer

No diagram mission 

statement

Features not shown.

Is that ok? 

Untyped port

Operation argument

Is untyped

Poor type choice

Type not fully exposed.

Is that ok?
Did you mean

Composition?

Line crossing

How do the WiperUI

and WiperController

communicate?
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Internal Block Diagram Answer

Line crossing 

Ports don’t appear to be

named properly

Port conjugation incompatible

No mission statement

Port type incompatible Multiple connectors but unspecified

port multiplicity

Naming convention?



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 217

Sequence Diagram Answer

When does the loop 

Terminate (missing 

guard)?

Can’t send a msg

between parallel regions

TBD Data 

should 

probably be

filled in

Timeouts would 

be a better way to 

specify timing 

than comments

Seems unlikely that we get 

all the I_IV voltage

differentials and THEN get all 

the II_III differentials. 

Unnamed role

Missing parameters
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Activity Diagram Answer Initial activity not 

identified

Entire activity terminates 

after this action completes. 

Upside down flow

Line crossing

Action can 

never start 

(two input 

flows)
Action can never start 

(two input flows)

No destination specified 

for send action

Multiple inputs to the 

same pin

Pin type 

incompatibility Pin direction wrong

“value” is a pin above (so a local 

variable but below must be 

defined in the context – these are 

not the same “value”!
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state_0

state_1

WaitForPilotReady

ReadyStage2

readyStage1

evX

PilotReady

Reactions

enableControlPanel(READY_STATE);

evPilotRead/
set the button color red

ShuttingDown

evShutDown[when the pilot releases control]

219

State Diagram Answer

What’s the starting state?

Default state names

No event triggers

No actions

Cannot transition 

between AND-states

Ill-formed action statement

Ill-formed guard statement?
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Parametric Diagram Answer

Missing the input2 pin

Value y isn’t connected to 

(missing) input pin

Missing Mission 

Statement

(x AND y) OR z computation

• x= .334, y =.779, y = 0.118

• x AND y = .334 *.779 = 0.260186

• 0.260186 OR z =

0.260186 + .118 - .260186*.118 = 0.039412 


