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SysML Timeline
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Constraints
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Parametric Diagrams

Modeling for Beginners

Drawing vs Modeling
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Structural Views Functional View
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Internal Block Diagram Use Case Diagrams
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Course Learning Objectives

After completing this training, participants will be able to:

(0)" Review a model viewpoint

( }" Critique basic diagrams and elements in SysML.:

pppppp

Requirements diagrams
Use case diagrams

Block definition diagrams
Internal block diagrams
Sequence diagrams
Activity diagrams

State diagrams
Parametric diagrams

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? Model Work Product

Functionality

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

Model Repository

Is it consistent?

Parametrics

Is it correct?

i
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SysML Views

SysML Pillars SysML Views

Requirements Diagram

E i Use Case Diagram
(7

Functionality

Requirements Table

] Requirements Trace Matrix

i
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SysML Model Elements

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



SysML Views

SysML Pillars SysML Views

Package Diagram

]
S 2 Block Definition Diagram

Structure

Internal Block Diagram

:

:] Allocation Matrix
[ |

i
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SysML Model Elements

Package
Block

Value property

Flow property

Operation

Port
Part
Association (reference prop)
Aggregation
Composition (part property)
Generalization
Dependency



SysML Views

SysML Pillars SysML Views SysML Model Elements
Seguence Diagram M_essage
Signal
Call
. _ Activity
Activity Diagram Action

Call Behavior Action
Call Operation Action

03 0603

State Diagram State
Event
Transition
: _ _ Control Flow
Behavior [: : :] Allocation Matrix Object Flow
EEN

i
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SysML Views

SysML Pillars SysML Views SysML Model Elements

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

Parametric Diagram Binding Connector

Parametrics

i
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What Is SysML?

SysML is derived from UML
SysML Timeline

UML vs SysML

DE: MITRE ' DE Platform
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What is SysML?

« A 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. ﬁ .
Like UML, SysML is a language @

. . oS,
DL and is process-agnostic. :
.-:-f"E; M ITRE DE Platform © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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SysML History

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

o8 ® ®
1995 2001 2003

Work begun
on SysML

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

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

-’ =
APract!old“

Guide 1 SysML

(Harmony aMBSE) process Systems Engineering

Work begun on

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

ENGINEERING

Bruce Douglass publishes
Agile Systems
Engineering book

Click here to learn about the latest release of SysML

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

U M L (software)

Sys ML (systems)

UML4SysML
/ StI'IICtIII'al Package Slgnal Aok
Class Diagram Class Profile Operation Se Block Definition _Dlagram
Structure Diagram Obj_ect (Instance) IStter(?otype Port Value Property :;lrtg)r(nal 0B;ock Diagram
Deployment Diagram Att”bUt_e ntertace. Units Full yp
Operation Package Diagram SI Units Model Library ull port

Interface Block

N

N

SysML Pillar

Functional Use case Requirement Requirement Diagram
Use Case Diagram Requirement Table

N Allocation Matrix y
4 = State Diagram : N

Behavioral Activity Diagram «cpntlnuous»

Communication Diagram Sequence Diagram «discrete»

Timing Diagram { stream } «control»

Interaction Overview «rate» «probability>»
>~ <

Parametric : Constraint Block Parametric Diagram

Constraint Constraint Parameter Parametric Constraint

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

i
DF:
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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
A
[ |
) Requirements
Behavioral Structural
(req)
1 )
| | | ] | ] |
Use Case State Machine Sequence Activity Diagram Block Definition Internal Block Package Diagram
Diagram (uc) Diagram (stm) Diagram (sd) (act) Diagram (bdd) Diagram (ibd) (pkg)
Same as UML 2 Requirements Allocation Parametric
Modified from UML 2 Table Matrix Diagram (par)

D New diagram type

DE:  MITRE | DE Platform
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Characteristics of Predefined SysML Views

UML2 Analog

Lifecycle usage

Essential

Dynamic
simulation

Computational

Supports
code gen

Formal

Requirements Diagram
(req)

Static
Functionality

n/a

Requirements
Specification;
Functional Analysis

Use Case Diagram (uc)

Static
Functionality

Use case diagram

Requirements
Specification;
Functional Analysis

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

B’EE MITRE DE Platform

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

15



Modeling For

Beginners

Drawing vs Modeling
What's a model?
Models & Views

Nine degrees of Goodness
Checklist

DE: MITRE | DE Platform
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Foundational Concept of Modeling

Uses a precise
( )
~N A model focuses language

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

Drawing % Modelin

verification
Once you’re done through review,
drawing, then go Generates any needed execution and/or
do the “real work” documentation from formal methods
> the model repository - )

& Note: it IS possible to use a modeling tool solely for drawing and not modeling,
=md'> butit’s not a good idea!

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



So

What IS a Model exactly?

\_

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

systems and their properties

J

Models have views (e.g. diagrams)

Diagrams show subsets of eng. data

Diagrams have singular purpose

Diagrams answer questions

Diagrams support specific reasoning

llllll

7

Models have scope

Models have purpose

Models have precision

Models have accuracy

Models have fidelity

Models are falsifiable

Models are verifiable

Models are
interconnected data!

J
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Uses of Diagrams and Tabular Views

* 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.

i
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Drawing or Model?

* |It's a Drawing (and not a model) if any of the following are true:

i
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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



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)

i
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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 Igstance
« Similarly there Is a specification-view dichotomy.
— Model element specifies its properties

— A diagrammatic view visualizes some set of those properties
PD’EE‘-. MITRE DE Platfﬂrm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Diagram type
abbreviation

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

2F

F F

MITRE DE Platform

Owning

Owning Diagram name
scope type

Sjope /

bdd [Package] GeneralStuffPkg [My Block Definition Diagram]

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

g

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Model elements
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What do we mean by “verification & validation” of work
products?

_®

Syntactic
Verification

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 J

__Semaniic: s 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 /

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

K Deployment — early usage of system of partial
L capability /
Qaﬁ; MITRE ‘ D E Platfo rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. L 24



Evaluating Models — Nine Degrees of Goodness

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

— Behavior « Multiple scenarios (sequence diagrams)

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

- State Diagram

« Activity diagram
— Evaluate each in terms of
o Well-formedness
o Accuracy

o Validity (relevance)
E’;’.ﬁ; M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Nine Degrees of Goodness for Evaluating Models

Syntactic Semantic Syntactic ij;rrig/ntic
: - quality
quality quality Model under
consideration
v
Rel M Relevance
elevance . _
quality Syntactic Semantic quality
quality quality

Structural Aspect
Functional Aspect

Relevance
quality

DE:  MITRE | DE Platform Behavioral Aspect

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

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

Naming conventions

o Common: Camel Case: ThislsABlock

o Common: Underscores: This_Is_A Block

o Types are generally named beginning with uppercase: RadarTrack
O

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

Model Organization

Model Federation

Model Scope and Purpose

Modeling language and subsets permitted
Action language

Diagrammatic rules and conventions For example, see modeling guidelines at

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

M ITRE D E Pl‘atfu rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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General Model Checklist

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

O Is the purpose, scope, level of precision of the model clearly identified?
O Is the model organization reasonable for its purpose?
O Is there a clearly identified modeling guidelines standard applied?
O Does the model adhere to the modeling guidelines?
1 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?
O Is the model compliant with the relevant external standards?
4 Do all important model elements have a useful and meaningful description?
O Do all important views have a stated mission / purpose / objective?

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

Requirements

Modeling in SysML

Requirements Diagrams

Requirements Tables

Use Cases / Actors

Use Case Diagrams
Checklists

DE: MITRE | DE Platform

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

* Requirement is an element defined in SysML

— Arequirement 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.

— Arequirement 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

Name
o Text (Specification)
o Description ID
* Requirements may appear on ANY SysML diagram
* Requirements may be linked to requirements tools in
one of two ways Text

— Copy & Sync
— Reference “remote resources” (on Jazz Platform)

i
DF:
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«Requirements»

DerConfigReq 1

ID = ID_DER_CONFIG_REQ 0001

Each control surface unit shall be
configurable to set min and max
positions, hydraulic and power

input error limits, and zero position.

30



Requirements Relations

e «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

«Requiremenis

InterfaceReq_6

“Requiremsnt®

DerConfigReq_1

ID = ID_DER_CONFIG_001

The Pilot display shall be
notified in case of an
automated power
transition performed by
the ACES.

Each control surface unit shall
be support configuration to set
min and max positions, hydraulic
and power inputs and error
limits, and zero position.

Za

. «trace»

Display Data

7~
qcsatisFy%n

«Block,Subsystem:

RetractableControlSurfaceUnit

L everifys

B
Test1711():Boolean

D\E_Lli_ wverifys

ﬁ Note: Directed relations have an owner end that “know about” the relation and can navigate to the target end.
A@ Use cases “know about” the requirements to which they trace, but the requirements don’t know how they
=k’ > are mapped to use cases. This is as it should be!

i
L m
E"Ef—. M ITRE D E Pl‘ath r © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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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-

«Requirement»

ConfigReq_3

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

A\

7 «allocate»

«Block,Subsystem»

«Raquirement=

InterfaceReq_3

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

" «deriveReqt»

“Reguirement=

DerIntReq_10

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

AngledControlSurfaceControlUnitWithTrim

time) ownership relation

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

[

E’Eﬁ MITRE DE Platform

Contains

N

«Requiremsnts

DerIntReq_12

«Requirement=

DerReqglnt_13

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

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

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




Requirements E
Diagram E

ES
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Requirements Views

Sysem nitidization shall inchde
POST andcomplete within3
seconds of pover on

afRequirements /
Automate Disable

ID = RD12 /

The wiping system shall automatically

alteguirements
wRequirements Automatic Wiping aRegulrements
Wiper Modes e Wiping Speed Selection
— — .
)= [ The system shall astomatically wipe the k= ROI4
= 3 indshi eld in the rai
he wiper system shall wnesiER e The system stell o r thiee
offer Manuel (default) o sdertHe speeds in manud
automatic modes of 4 moda,
operation,
wREgUIrEmET
System Initialization
ID = ROIS
wREguIremEs

Automatic Enablement
ID = RD11
The system shal astomatically

bayin when ran i detected and the
System ison and engaged.

wReguinments
Speed Adapation to Rain Intensity

ID = R03

return the bHades to nomingd position and
stop within 2 second of system off /

1 iy /
( \ /

;[UJ traces

sRaguirements

Wiper speed shall astomatically adjist
depand ng on sensed ran imensity,

7
/

| MName -

Specification

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Requirements Table

The systam shall be able 1o detect
rain and rain intensity

Manusl Dissble C‘?EREqu |

ID=R1A wderives \\ / «derives / «derives
The e shell ke sbleto svitch aRequirements ’?Jlml .
bet ween manud ard automatic Core Wiping Fundtions Actuation Function
maodes of wiper oparation. P

ID = RDOZ -

The systems shal ba zble to contml
The wiper sysem shal povide o= the movenrent of the wiperblades
Func tions, with var eble speads,
ﬁejjl . atequirements
Sensing Function TET FITEY
ID = RO2L 1b = RO

The system shall ke conrollsble by
the use nto manual and atomatc

Eﬂ requirement _3 |Ei| requirement_4 |EB requirement_5 |EB requirement_6 |Eﬂ requirement _7 |Eﬂ requirement _

E ﬂrequirement_Z-i

E ﬂrequirement_lﬁ

E ﬂrequirement_?ﬁ

E ﬂrequiremerrt_ZE-

., requirement_4

E ﬂrequiremerrt_ZB

", requirement_3

E ﬂrequiremerrt_?.ﬂ

., requirement_

E ﬂrequiremerrt_?fl

=
!
., requirement_7

E ﬂrequiremerrt_B.Z

", requiremert_3

E ﬂrequiremerrt_&B

", requiremert_3

E ﬂrequiremerrt_&i

", requirement_&

E ﬂrequiremerrt_?.ﬁ

., requirement _{

Requirements Diagram

[

2F

MITRE DE Platform

E ﬂrequiremerrt_ﬂﬁ

", requirement_&

E ﬂrequiremerrt_?.?

", requiremenrt_3

3l e it AD

Trace between stakeholder and system requirements
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Requirements Diagram

‘ackage] SubsysRegsP nterface Regs 02 Allocations and Derivations] J

«Reuirements
J InterfaceReq_2

Mission: Show the system and
subsystem interface requirements
and their important relations

At least every second, the
ACES operational state and
hydraulic pressure shall be

S «deriveReqt»

. »’_’)" reported to the pilot display -
e (see States and Modes). Tl « Repirements
L T DerlntReq_9
«Reqiremets Lt «Repirements
DerlntReq_8 - «deriveReqt» InterfaceReq_6&
« Rerinameni=
The ACES Management system InterfaceReq_5
™ P shall provide the status of
& control surfaces ower and hydraulics to the :
subsystems shall provide an — ot display at last every The Pt dplay shallbe __«deriveReqt»
interface to request their S vy whi i nouned In case o an Tl
hydraulic and gower status. InterfaceReq_3 SScnd whie e St automated power transition Toe. »;_\) The ACES shall monitor
. performed by the ACES. provided current and voltage
.: from its selected power source
Any detected error or failure ! il and automatically transition if
condition shall be reported to | L the current or voltage exceeds
both the Attitude Management ! . nominal values by more than
System and the Pilat Display o «allocate» - 10% for more than 30 seconds,
within 0.5 second of detection. Il " 1 n or by more than 30% for more
«allocCa e>:¢ e «deriveReqt» - :‘.7 than 2 seconds.
77 .: - « Requirements /,n\ '-‘
R o DerlntReqg_18 K H
L «Block, Subsystem» Dé, K I'.
" «deriveRegt» e - '
Renirements - e .-'-\CI_ES Management system / [
DerIntReq_10 ’ will monitor the power from the B «derjveReqt»
- ACES Power subsystem and ! B
-7 automatically switch if it : |
Lt R receives a power fault,. «depiveReqt» |
Each control surface subsystem | o ’ |
| shall detect faults and report 0 K e
them to the ACES Management [ " «allocatex K DerIntReq_17
subsystem. 7
g Szl The ACES Power subsystem
DerntReq_16 shall monitor incoming current
and voltage and inform the
=Repineneils ACES Management system if
DerIntReq_11 the current or voltage exceeds
The ACES Power subsystem nominal values by mare than
shlc‘-ll pravide an interface to 10% for more than 30 seconds,
Each control surface subsystem romm—— D;r?;?;;?‘h select input source. Eabnygnso;;?dasn 30%: for more
shall detect power faults and Derlntieq_12 e «Roepirement= !
DerIntReq_14

report them to the ACES
Management subsystem.

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

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

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

DE: MITRE

DE Platform
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req [Package] AntiPatternsPkg [Anti Requirements]
Not testable

l \n t I p att e r n S «Requirement:
requirement_5
/ <Requirements
requirement_8

NO mission
. The system should be real fast and &«
d|ag ram Stated monster good.

Awesomely grey outta be the

Delorian color <«

Not in canonical

form

«deriveReqt» "

<Requirements
requirement_9

<Requirements
requirement_7 y .
/ It shouldn't not be not not good

Goodness shal be a lkely featugeof

the flux capacitor \

\/

Passive voice

<Requirements
requirement_6

Line crossing

The system wil be|goodly
=~

Upside down —

Not testable

relation

36
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Requirements Table

Found 186 elements
D

w1 | Name

+1| Specification

[

2F

E BAC ES_S55_requirement_32
E BAC ES_S55_requirement_33
E BAC ES_S5_requirement_34
E BACSC UNT _requirement_10
E BACSC UNT _requiremert_11
E BACSC UNT _requirement_12
E BM:SC UNT _requirement_13
E ﬂ.ﬁESC UNT _requirement_16
E ﬂ.ﬁESC UNT _requirement_17
E ﬂ.ﬁESC UNT _requirement_18
E ﬂ.ﬁESC UNT _requirement_19
E ﬂ.ﬁESC UNT _requirement_20
E ﬂ.ﬁESC UNT _requiremert_21
E ﬂ.ﬁESC UNT _requirement_24
E ﬂ.ﬁESC UNT _requirement_25
E ﬂ.ﬁESC UNT _requirement_26
E ﬂ.ﬁESC UNT _requirement_3
E ﬂ.ﬁESC UNT _requirement_7
Eﬂﬂl‘l"l_requirement_'l
Eﬂﬂl‘l"l_requirement_Z?
Eﬂﬂl‘l"l_requirement_ZE
Eﬂﬂl‘l"l_requirement_ZE

[£ 3] AM_requirement_30

[£ 3] AM_requirement_35

[£ 3] AM_requirement_4

[£ 3] AM_requirement_5

[£ 3] AM_requirement_9
[£}]CorfigReq_D

[£ )] CorfigReq_1
[£}]CorfigReq_2

MITRE DE Platform

Any subsytem running software shall - bath at start up and upon command - un an integrity check of the installed software object code verified by a method at least as robust as 32-bit CRC check

Any subsytem running software that contains configuration data shall - both at start up and upon command - run an integrity check of the installedconfiguration verified by a method at least as mbust as 32-bit CRC check as well as reasona
All subsystems other than the ACES_Management subsystem shall report emor status and BIT results upon query or upon completion of tests.

The accuracy of movement of the control surface shall be +/- 0.5 degrees angle of +/- 0.5 cm distance.

Each control suface shall measure achieved control position with an accuracy of +/~ 0.05 degrees or +/- 0.05 cm

if achieved position of any control suface unit is out of specification or takes longer than 3.0s, the control suface unit shall inform ACES_Management of the emor

Each control suface shall accept a command for it's position and will respond with both curment commanded position and cument measured position.

The ACES_Management subsystem shall check that each commaned movement takes place within 3.0seconds.

The ACES_Management subsystem shall check that each angular movement of less than 10 degrees is performed in less than 1.0 seconds.

Each control suface subsystem shall report movement completion to the ACES_Management subsystem with acquired measured position and time required for the movement.

The ACES_Management subsystem shall listen for life ticks from each suface control subsystem interface, expecting them to amive at least every 0.5s.

ff the ACES_Management subsystem does not receive a life tick within 0.5s of the initiating life tick, its shall report an emor to both the Pilot Display and Attitude Management systems.

Each control suface input shall issue a life tick message to the ACES_Management subsystem at least every 0,5s.

Each control suface unit instance shall have a unigue identifier which shall be used to in messages to the ACES_Management subsystem.

Each control suface unit shall have, as persistent corfiguration data, low and high movement limits, required measurement accuracy, and movement time limits.

Each surface control unit instance shall report an emor to the ACES_Management subsystem if the result of a commanded movement is out of specification either in accuracy or timing.

All control sufaces shall accept commands from the ACES_Management subsystem to set rotational position.

Each control suface shall accept a command to move it to the desired position and shall begin movement based on that command within 0.1 seconds.

The ACES_Management systen shall command each control suface position either as a response to a received command or tuming built in test.

The ACES_Management subsystem shall issue an ermor message to the Attitude Management systeme if both incoming and outgoing hydraulic pressures not are within +/1 1000 kPa of the default pressure of 35000 kPa and i this iz not tn
The ACES_Management subsystem shall check hydraiulic pressure at least once every 2.0 seconds.

The ACES_Management subsystem shall issue an emor message to the Attitude Management subsystem if incoming or intemal power for fluctuations of mare than 5% in voltage.

The ACES_Management subsystem shall issue an emor to the Attitude Control System within 0.5 f it detects a sudden power loss.

The ACES_Management subsystem shall request a built in test un by every subsystem that contains software.

The ACES_Management subsystem shall range check each movement command for each control suface movement to ensure that the set postion is in range.

ff a movement position is out of range for the a specified control surface, the ACES_Management subsystem shall reject all positions specifed within the incoming command and respond with a message indicating its rejection.
The setting precizion of the ACES_Management subsystem for control suface position shall be +/- 0.1 degress of angle or +/1 0,1 cm distance

While in Maintenance Mode, the Maintainer shall be able to independently configure each control suface by setting actuator movement acceleration rates and ranges within the limits of the physical devices.

While in Maintenance Mode, the Maintainer shall be able to independently command the full range of movement for each control suface and receive achieved position and time4o-complete each commanded movement.
The Maintain shall be able to download the set of configuration values to the maintenance device.
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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

i
L m
E"Ef—. M ITRE D E Pl‘atfu r © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 38

pppppp



|

ao«
AkE

Requirement Checklist

* Is each requirement » Is each functional requirement fully qualified

1 Stated in its canonical form? in terms of

A single statement of functionality or O Performance
quality of services of a function? 0 Precision

] Testable? QO Accuracy

d Unambiguous? Q Latency

d Correct? Q Availability

3 Adequately specific for the need? L Safety

Q Specifies need (what) and not design ' Reliability
(how)? * |Is the set of requirements

d Compliant with the relevant standards? d Complete?

 Follows requirements naming standard?  Consistent?

1 Follows requirements ID standard [ Covering important exception,
followed? performance, and edge cases?

i
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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?
1 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?

d Is the diagram appropriately named?

 Is the diagram appropriately scoped?

d Is the diagram appropriately located within the model?

i
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Exercise: Evaluate the following requirement set & diagram

req [Package ] RequirementsPkg [Example Requirements]

wRequirements R eg e mente «Reguirements
Fundieq_0 FuncReq_10 FuncReq_11
«Reguimment-
Eadh system shall contrd the angular position of Fundieq_1
the following control surfaces: upper and lower The system shall mntrol fa The systemshal control the
rudder, upper and lower rudder trim tzbs, leftand the Left Irboard Alleron Left Inboard Aieron Trim Tab
right elevator , left and right elevator frim tabs, froma minmum of -30 to from a minimum of 20 toa
leftand right inboard aileron, left and right inboard The system shall a maximum of +30 degrees maximurm of +20 deagrees
aileron trim tabs, left and right outboard aileron, control the left and
leftand right outhoard aleron frim tabs, leftand right leading edge
right inboard wing flaps, left and rightinboard extension, +
wing flap trim tabs, left and right outbeard wing |
flaps, left and right outboard wing flaps, leftand .
right ground spoiler, leftand right flight spoiler, " .
and the left and right leading edge flap. .
S «f equimments «Reguirements
.. FuncRegq_13 FuncReg_15
s X
The system shzll cntrol the The system shall mntrol the
«defiveReqgt» Right Inboard Aileron Trim Left Outhoard Aleron from a
oRequimmant B Tab from a minimum ‘of -20 minimum of -30 toa maximum
FuncReqg_100 § to @ maximum of +20 -, of 430 degees
«Reguiements derrees o
FuncReq_12 -
Inr&spm;s: to ihmn:;g‘eg:: rf pra——
command from the . the averifys .
system shallrespond with a The system shall control SafetiReq_006
status message that provides the Right Inboard Aileron
the operational status for each froma minmum of-30 to - -
control surface as well as the a maximum of +30 ;ﬁe‘:‘}'{:r’e";'g ;ﬁe’q*é:“'e” Allhydraulically controlled surfaces
overal system operational state. degees ket NCR2A_Y  ghall have a readable configuration
that spedfies the pressure required
o move the surface within
The Right Cutboard Alleran The system shal o apprapriate movement parameters,
- Trimcontrol is to be fast Right Cluthoard Aler
#Require mente ;Ssqcazgﬁfﬁ andsmooth, froma minmum of -30 to a
SafetyReq_001 — maximum of +30 degrees
«FLequire mente
OtheReq_0
The system shall be able to The system shall mntrol the Click to see answer
detect hydraulic leaks that Left Quthoard Aileron Trim Tab
resutin a sgnificant froma minmum of -20 toa - -
reduction in the ability to maxmum of +20 degrees Design Constr@nt: The
move control surfaces. software for the ACES shall be %
certified under the DO-178B
grandard. O O O

[

E’Eﬁ MITRE DE Platform
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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.
* Ause 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 Power On Self Test Manage Faults
more actors

Does not reveal or imply internal
design or implementation Manually Directed

Is independent of other use cases Flight

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

Use Case : Perform Area Search in FunctionalAnalysisPkg * + @
— Name
General | Description |Pd'trib|.rte5 |Ope«ations I Ports | Flow Ports | Relations I Tags | Propedies‘ ludes Process
] - Surveillance
SRl Data

Name: Perform Area Search

— Purpose
The CUAV can perform a systematic search of an area for several kinds of

target types.
Description:

=

1 meter and include the time of identification.
* The Area to be search shall be defined as a square area of up to 20 miles

o B on a side, with a grid resolution of up ta 40000 points.
re CO n Itl O n S e« The Area search can be aborted at any time by a command from the

mission ops operator.

EX I an ati O n e The Area search shall be able to identify up to 10 different target types. .
p » FEach identifies target shall be tracked as to its position within an accuracy of o

m

L Preconditions:
— P O St- CO n d Itl O n S e The CUAV is in flight with at least one sensor suite activated.
e Thetarget types are identified.
Postconditions:
e Any targets within the area are identified to the Mission Ops actor within 10s

— Constraints/Invariants/Assumptions et ccaonor e i o o e ) C:

Execute Remote
controlled

reconnaissance wincludy

'|
\
i
|
|
|

Mission Ops actor within 25 of occurrence. —— — —
Constraints: aincludes

 Remember all model elements should " prea sarc sl be Sl ety up 0 10 rgetpes and up o 20

Locate OK Apply
Perform Route
search

have a useful and meaningful description T D D

fl
= Search =]
ECM Target o -
":":;:Eur#. M ITRE D E Platfﬂ rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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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
e Include

— Akind 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 smalller use case just provides additions to a larger use case

i
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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

M

GPS_Satellite GPS_Satellite Charging_System Bird Watcher

i
DF:
‘:ﬁﬁrﬁ M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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System boundary (optional)

Use Case Diagram

uc [Package] UseCaseDiagramsPkg [LWCD_SysMLReadProject]

O Acme Air Traffic Control System
]
Mission: Identify the L <+— A (0]
system-level use cases Locate Tracks with Locate Tracks with
and their actar Surface Reflactions Bezcon Codes

\ Aircraft Transponder

collaborators
Generalization Use case
Airspace ‘ O
I :.'I \‘._ ""Cl'Jd"” Identify Aircraft
il
GPS Satelite wgcludn»
—

Association Ea P — e ool
O Distance Violation
O
A very common problem
with use case diagrams is
that people add many

Mocept High Priceity . 1]
s wors imiesen [€1ATIONS @mong them “for

® O completeness” but these

Exteind N ﬂﬁ\ additions do not help

achieve the use case
modeling objectives

Primary Radar
Lecate Tracks in

Flight Planning System
MNational Airspace Systam

i
DE:
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Another use case diagram with a different mission

= Repuireienl=
InterfaceReg_29

D = Requirement=
. . ErrorReq_37
Mizsion: Show the requirements o=

represented by the Manage Power
use case.
The system shall detect and report

the error condition:
Power faultinternal or source

The system shall support the message
Msg Value Description
Set power sources05elect power source

power fault
s Pasuimeanl s FT
InterfaceReq_4 - 7
«:h;ace» LT -
o . afraces
The ACES shall interface with the Manage Power —
electrical power system via the LY sh x;;", ',"E“ 0
aircraft alternator, the aircraft TR . e
APU, and the aircraft battery. Q ———— o straces . .
. J:’ ' Prior to shut down, each control
L s | surface shall be set to its zero
""P'ﬂtE” S : position and the power removed
. B : from all actuators and sensors,
= Reguirement = ,,, N 1'&'tI'EICE’:?‘
InterfaceReq_5 Vo - ,‘J :
straces :
The ACES shall monitor pravided N | 2
current and voltage from its h : ] P T—
selected power source and J,’ ' : ShutDownReq_1
automatically transition if the ; — '
[tage exceeds nominal s S g
current or voltag ! StartlpReq_D L
values by more than 10% for more - N
than 30 seconds, or by more than K ‘,‘ Prior to shut down, the ASES
30% for more than 2 seconds. . Upon initial power . shall transition to receive
K up, the ACES shall . Aircraft_Power power from the airframe
; default to battery N battery,
[ power, Y
s Pasguiraent s Y

InterfaceReq_6 ]

= oetuirement=
StateModesReq_0

The Filot display shall be
notified in case of an
automated power transition
performed by the ACES.

OFF_STATE. In this state, the system
shall be without power and the system
has attempted to zero the position of all
control surfaces, The system shall only
permit transition to OFF _STATE with
Weight On Wheels,

Eﬁﬁrm M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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What does that

Antipatterns This is a thing not

a behavior

Part of system and
IS not an actor

even mean?

NoO mission
diagram stated O

Generalization not
appropriate here

System Controller

Internal Motaor

Part of system and
iS not an actor Intenal Sensor

Is this use case
too small?

Disconnected Q

Perform Behaviar

Actor

Never have
associations
between use cases

Disconnected

Ground Station use case
ﬁ,m M ITRE DE Platform © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 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

i
L
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Use Case Checklist q

» Each use case

Is detailed with
U More than one sequence diagram

Q Follows the naming convention O An activity and/or state diagram
O The name is a verb or verb phrase O Does this detail avoid internal design?
d Has a meaningful description, including O Does this detailed model execute/simulate?
O Purpose O Is this detail linked to specific requirements?
d  Pre-conditions - Things to avoid. The use case
U Post-conditions O Does not have associations to other use cases

L Associates to at least one actor O Avoids indicating designs (often indicated by having
O Identifies externally-visible behavior (only) too many relations among use cases)
L Traces to a coherent set of requirements O Is not too small - can be reasonably expected to
QO Traced requirements include have multiple requirements and multiple scenarios
O Error / exception / rainy-day cases O Is not too large — can be reasonably expected to
O Performance have fe_wer than 100 requirements or 50 independent
. . scenarios
O Precision / accuracy / fidelity
O Is too dependent on other use cases
O Safety
Q Reliability * For the set of use cases
QO Security O All functional and quality of service
Q Is independent (in terms of the requirements) from alll O All relations make sense
other use cases O Not overly burdened with “extra” relations that don’t

A add value
EQ:E,E M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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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?

1 Is the diagram appropriately scoped?

 Is the diagram appropriately located within the model?

i
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Exercise: Evaluate the following Use Case Diagrams

uc [Package] Examples [Aircraft Use Cases]

O

Navigate Aircraft
4
<)
Satellite Navigation
Inertial Navigation

«include».

e)
JL Mission Planner
Perform Maintenance 000
)N

ES
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pOrive| its (3 M The purp
- frl : _.meda diagram is to show t!
= architecture
_pComm pPower
B aS I S t r t r a I T ﬁl 7.3‘17 o oynamic 5 po
( : u C u | shown with proxy port
| pControl mechanical connections are shi ]
VT with associations.
TContr pControt
pPower P pComT pPower

Blocks / Instances - - ’
Port / Interfaces 37 { ,‘, | . — D
— g ";l'af‘:‘ w{i .
Block Definition Diagrams | ) —r 4 l
_ ¢ <
Internal Block Diagrams - .

Checklists

i
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SysML Structural Features

- Language/ Tool Extensions

= Profiles
= Stereotypes
A
= Design Structures = Relations
- Block, Actors, Events = Association
- Value Types, Dimensions, - Aggregation
: «— — "
Units ; = Composition
- Instances - Generalization
= Which have properties ... - Dependency
= QOperations v = Multiplicity
= Event receptions - Connector
= Value Properties
= Ports

=  Model Structures
=  Models
= Packages
- Diagrams
=  Tables
= Matrices

i
55
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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

* |t 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

i
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Model Overview Diagram Example

pkg [Project] StructuraModel [Model Overview]

Comment

[}

Purpose:

The purpose of the model is to capture the engineering
specification for the target system

Contents:

This model contains several contained models:

* Requirements Model including requirements and
use cases

* Functional Analysis Model including analyses of
the various use cases

*  Architecture Analysis Model including trade
studies

¢ Architectural Design Model specifying the
subsystem structure

* |nterfaces Model specifying the system and
subsystem interfaces

Precision

*  Model properties must be specified with enough
precision to allow the design and development of
the system components.

* The valid set of values for all properties (i.e. it's
extent) must be specified.

* Forscalar values,

. Sl units must be employed whenever possible.

. Allowable variability in value conformance
(accuracy) must be specified

. Degree of control over inputs (fidelity) must be
specified

Structural System Model Overview

ActorPkg

System actors are here

RequirementsAnalysisPkg

RequirementsPkg

This package contains the
textual requirements
elements

UseCaseDiagramsPkg

«Use Case Diagram»

UCD_StructuralModel

«RequirementsTable»
StructuralModelRequirements

DesignSynthesisPkg

ArchitecturalAnalysisPkg

This package contains
system trade studies and
performance analyses

ArchitecturalDesignPkg

«Block Definition Diagram» This package contains
system architectural
design, architectural
views, and, in nested

StructuralModel Context  subsystems

«Block Definition Diagram»

StructuralModel Structure

FunctionalAnalysisPkg
Capability1Pkg

This package contains the
functional analysis for the

«Internal Block Diagram»
o - use case Capabiltyl

Capability1TypesPkg

" IBD_Capability1

_ package

— Diagram
hyperlink

[
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Key structural Concepts: Block

Block Name

» A block represents the “type” of entity

— Consists of
o information (value and flow properties) and e
o services that act on that information (operations & vaties
. = combatID:CombadDType
event receptions) = targetClassification:TergetClass
o other features (e.g. ports) EZ’?‘Z’T}"@H
— As types, blocks exist in the specification / design = meOffessramert TimeDatsSamp
activities (“design-time”) Operations
. . E‘F"' deselectTarget(target:TargetIDType)
— Hint: Generally, blocks should always have a singular Ll sdlectTarget(rget TargetDType)
name E setTargetClassification(target: TargetIDType, tClass:TargetClass):void
setTargetPriornity(target:TargetID Type, priority :unsigned int):veid
o Collections are indicated with multiplicity =P updatetesurement(
How Properties
* Note: you can choose what features of a block or element . lowproperty» howFastitisVelociy
you want to expose on a diagram F= «flowProparty> wherelts:Positon
Block

i
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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

F F

MITRE DE Platform

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

2F

Instance Name/
Role name

Block Name

itsRadarTrack:RadarTrack

Values

E combalD: CombadI DT ype
E targetChssification: T argetCass
E targetPiorty:nt
E tme0MeasurementTmeDateSamp
== vebhchVehcty

Oparations
E'r:" deselectT arget{target: T arget ID Type)
ET:'- selectTarget(target: TargetlD Type)
E setTargetCessificaton(target T argetl DT ype, tChss: T argarChss) void
E setTargetProry(aroet T arget] DType, prionty:ursigned int) :void
£t | ndareMeasurement!)

Flow Properties

E «flowPropertys» howFastItls:Velocky
E «flowProperty» whereltls:Posiion

Instance
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Block vs Part vs Instance

* Ablock 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

«Block>»
Aircraft

Block
«Block»
Attitude Instance Specification
vales currentAttitude:Attitude
E pitch:Real ——
E roll:Real
= yawsint =l «ValueProperty» roll:Real = 12
E «ValueProperty» pitch:Real = -8
Operations = «ValueProperty» yaw:int = 6

1 measuredAttitude:Attitude

Part

1

commandedAttitude:Attitude

Part

MITRE | DE Platform
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Block Relations: Association

* Association

— Avrelation 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

Association

«Block» «Block»
Wheel DriveTrain

itsDriveTrain

ES
L
-Dﬁ;gf' M ITRE | D E Plath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Block Relations: Aggregation and Composition

* Association
— Specialized forms

o Aggregation «Block» Aqareqation «Block»
. Weak form of whole-part (part Aircraft 9greg CONOPS
instance can exist Values 1 itsCONOPS Values
independently from the “whole”) ?tsA;rcraft 1
« Shown as a solid line with an Operations
empty diamond at the owner
end
o Composition Operations «Block»
« Strong form of whole-part Composition poeitich
(means that the part instance o 1> Values
cannot exist independently from position
“whole”) Operations

« Shown as a solid line with a

filled-in diamond at the owner
end

ES
L
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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

«Block> Generalization «Block»
Engine ElectricEngine

ES
L
-Dﬁ;gf' M ITRE | D E Platfo rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Block Relations: Dependency

« Dependency
— Some other (weak) kind of relation
— Shown as a dashed line with an open arrowhead

«Block> | Dependency

Aircraft

(s

_'Dﬁ,ﬁﬂ_ M ITRE | D E Platfo rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

«ValueType»
CombatlID
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Assoclation

« 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 _
. Engine

Car_Engine 1 - N aV| g atl on
tsEngine | direction

Role Name

| eecar | 1 Multiplicity ._
Car Wheel
| ngmm:ﬂm \

= numberOfCylinders:int itsWheel - |

u}F evStartEngine)
k= setRadioVolume(vd:int):int
= startEngine) rvoid

i
DF:
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Putting Relations Together

Composition

Association

Generalization —

0

bdd [Package] GeneralStuffPkg [Relations and stuff]

Mission: Show high-level blocks

for the system design

«Block»
Aircraft

wBlocks
GPS \
1
wBlocks
ATC_Tower
1 1
valles itsATC_Tower
Operations
«Blocks itsCONOPS 1
CONOPS
1 itsAircraft

Values

H numberOfEngines:unsigned int

= Owner:RhpString

1
itsPosition

«Block»
Position

Values

= altitude:Meter

H lattitude: DegreesMeridian

I Aggregation 1

«Block»
JetAircraft

Values

= maxThrust:Newton

Operstions

H numberOfBlades:unsigned int

Operstions

.Qﬁ MITRE DE Platform

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

H longitude:DegreesMeridian «Blocks
Velocity
Values
e its‘u’elociti H dAltitude:MeterPerSecond
H dLattitude:DegreesMeridianPerHour
H dLongitude:DegreesMeridianPerHour
«Blocks»
Attitude Operations
Values
itsAttitude H pitch:Radian
= roll:Radian
H yaw:Radian
p—
Vb ETypes
CombatIDType
‘ ERREN EnumerationLiterals
$EFOE
«Block» GEFRIEND
PropellorAircrat ENELTRAL
$EUNDEFINED
Vales

Dependency
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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.

. ..

k= numberOfCylinders:int DiagnosticsPort

& startEngine():void

Ef= StartEngine() \
& toggleRadio(on:boolean):void P () rt

i
E"E; M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Delegation and Behavioral Ports

«Block»
Computer / Conjugated

port

NVIDA_GraphicsCard eproxys «proxy»
Behavioral pDisplay: ~iDisplay pDisplay:~iDisplay
Ports [] ] \
«proxy» «proxy»
pAudio:iAudio pAudio:iAudio P roxy po rt
T ] il
L
\ Unconjugated
1 Asus_Mc\Qerboard port
\ pKeyboard pKeyboard
O—+HO I

—O
iKeyboard iKeyboard \
JUSB [ ] Standard port

iUSBOUt
iUSBIn iUSBOUt
/ pUSB
| -

—

Delegation
Ports iUSBIn

i
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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

i
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SysML Has several different kinds of ports: Standard Ports

«Interface»

i d «Interface»

iComman F— '

Values Vallies /
Operations Operations K
7= evTumnOff() & evPush()
Ef evTumOn() = hereazaMeasurement(x:Integer,inRange:Boolean):void
Required Interface | setValue(v:Real):void

\ Provided Interface

«Block» \ _ .
BlockWithStandardPort Y iResponse  iResponse

Values «Block>»
AnotherBWSP
[1 pIO pOI [}
Values
Operations q
iCommand iComman
P evTumOff() I Operati
: perations
£ evTurnOn() G evPush()
E setValue(v:Real):void il _ _
& hereazaMeasurement(x:Integer,inRange:Boolean):void

Standard port

ES
L
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SysML Has several different kinds of ports: Proxy Ports

Interface block

«interfaceBlock»

Proxy port ib1
lales
k= «flowProperty» v1(In):int
e = «flowProperty» v2(Out):long
«Block» o e «Block» sl )
"~ «flowProperty» v3(Bidirectional):double
BlockWithProxyPort pA:~ib1 AnotherBWPP = ( al)
Val Vail Cperalions
BDD ‘e «proxy» © .
<proxy» DB-ib2 = prov ap1():void
Qperations ép ) Qperations E raqd OﬁZOVOﬁ
Interface block > «interfaceBlock»
b2
1 itsBlockl:BlockWithProxyPort |« roxy» «proxy» 1 itsBlock2:AnotherBWPP Voles
pl:ibl pA:~ibl
Valies (o Valves = «flowProperty» t(In):KiogramPerCubidVeter
IBD . «proxy» «proxy» k= «flowProperty» ZOut):RhpUnlimitedNatural
Cperations p2:~ib2 pB:ib2 Operations
o Cperations
E reqd abOtherStuflargument _0:short):unsigned char
L prov doStuff{x:int, y-int):Boolean
&% reqd evPop()
=¥ prov evPush()

MITRE DE Platform
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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

MITRE DE Platform

«interfaceBlock»
iActuator_Sensor

in value : Real

flow properties

reqd getValue() : Real ~

prov evSensorStatus( status
\

=i al Fo =
signal receptio

ns
:Mtural )

«block»
Senso

flow propgrties
out value : Real

«Proxy»

—

vAlues
fiterFrequency : Real /

operations
setFilterFrequency(f : Real )
getFilterFrequency/) : Real

getValue() : Real

signal receptions
evSetMeasurementTime( t : period duration[second] )
evOon()
evOff()

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

N

«block»
Actuator

flow properties
in value : Real

values
speed : Real
torque : Real

-

operations
setSpeed( s : Real )
_./getSpeed() : Real
driveMotor( s : Real )

x

signal receplions
evon()
evOff()
evClosedLoop()
evOpenLoop()
evSensorStatus()




Block Definition
Diagrams (BDD)

DE:  MITRE | DE Platform

bdd [Package] GeneralStuffPkg [Relations and stuff]

=]
Mission: Show high-level blacks R
for the system design «Blocka Position
Aircraft Vales
vaes e St de: et
itsPosition allitude:Meter
«Block» H numberOfEngines:unsigned int = lattitude:DegreesMeridian
Gps H Owner:Rhpstring = longitude: DegreesMeridian «Block»
51 Velocity
Values
- 1. 5 daltitude:MeterPerSecond
itsVelocity B} .
H dLattitude:DegreesMeridianPerHour
H dLongitude:DegreesMeridianPerHour
«Black»
«Blocka Opsraticns Attitude Operstions
ATC_Tower 1 1 Ve
Vaes [itsATC Tower | itsAttitude S pitch:Radian
Operstions = roll:Radian
= yaw:Radian
«Blocks itsCONOPS 1 Gperations
CONOPS P ——
1 itsAircraft
CombadIDType
ey Enumerstion ferals
“iFoE
«Block» «Block» ©EFRIEND
JetAircraft PropellorAircrat ogwsmm
< UNDEFINED
Valves Values

= maxThrust:Newton

Opsrstions

H numberOfBlades:unsigned int

Operstions

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

* Block Definition
Diagram

— Shows blocks and
types and their
relations

— May include
Instances If desired

DE:  MITRE | DE Platform

bdd [Package] GeneralStuffrkg [Relations and stuff]
]

Mission: Show high-level blocks “BI?EII‘”
for the system design «Block» Position
Aircraft Values
i
Valkies itsPosition ~| = altitude:Meter
«Blocks B numberOfEngines:unsigned int H lattitude:DegreesMeridian
aps H Owner:RhpString = longitude: DegreesMeridian «Blocks
1 Velocity
Values
I . . 1 H dAltitude:MeterPerSecond
itsVelocity . -
= dLattitude:DegreesMeridianPerHour
= dLongitude:DegreesMeridianPerHour
wBlock»
«Block= Operations Attitude Operations
ATC_Tower 1 1 1 Volies
valves itsSATC_Tower itsAttitude ~ o it h-Radian
Operations H roll:Radian
= yaw:Radian
«Blocks itsCONOPS 1 Operations
CONOPS P
1 itsAircraft
A‘X wValhTypes
CombatIDType
T Enumerationl ferais
$3FOE
«Block» «Block» $EFRIEND
JetAircraft PropellorAircrat OENEUTR-‘\L
2 UNDEFINED
Values Valuas

= maxThrust;Newton

Operations

= numberQfBlades;unsigned int

Operafions

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Another Block Definition Diagram

bdd [Package] ArchitecturalDesignPkg [HummingbirdSE Structure]

«Blocks
Hummingbird
Vilhaos
= AQMemage: ACK CommMessge
E atitude:Meter=0
E charge:Coulomb=35000
= crederfizlSEhis bod=TRUE
= +FlowiProperty» cumant{In}:Ampes=0
A # T el = TR IE
COperations
= Adiust Fight{}:void
= Adjuz Fight Meg{):vaid
o adusatitude)vad
= Appytcion{kvord
3 Augrrent_Session_ Count{javaid
e [P T
L
«Block, Subsysterms «Block, Subsysterms «Block, Subsystermg 3 «Block, Subsysterm «Block, Subsystermg «Block, Subsysters «Block, Subsysterms
AvionicsSubsystem CommsSubsystem PropulsionSubsystem PowerManagementSul, | NavigationSubsystem SurveilanceSubsystem FaultManagementSubs
Vsbies Visbies Visbies Visbies Vishies Vishies Vbies
pevarions Cperaios Cparations Cparations Cperaios Cpergions Cperarions
| ecusthttuct (v ki evrifcaFauit() B evappyMoton) = Check_Pover_status():vad b evDisbe() b evDisabe() B evoriscareut])
= ApphyMation()vaid K evEmergencyLanding) B evDisabe() = Disshie_Visilty_ightsJvoid EP evEnable(} EP evEnabie]) B evissbi()
= checkatude{ Jvoid kf herezattitude() £ evEnablel) = Enzble_Visblity, Light}void B evEnablel)
o computsThruserPropulsan V... E’P reqDisble Fight() E’f“wﬁsﬂ:b[}
! - reqEnabls_Fight(} T evEnablel}
E . ‘Fﬁgﬂ[kmd K= renSe Diredional MotionfMct... Ete aud inbber iy
DE:
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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 detall see
“Model-Based ICDs” at

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

MITRE DE Platform
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& readyMesie]) N
T —amrram

alnterfaces
- iSendata
— Mission: Show Subsystem interfaces
e i Interface Diagram for the HUD
ey Subsystemn = sendhbcei g ol
= sendSunedanceDatalvod = g Raceve or
= confphndenin ) = senddiervoid = ceegeterfacaten o
Epeeey  Subsystem with ports
= conlancusgelven
= ol Settings o «Su
= confrbbbelmas ol \
& confgFireControDisplay (o HUD_Subsystem condonts RegstercommObect otuooer
& confipRacDipiay(bvoid mng;:{] ConfigPort CommPort [
£ confpOptealininyivoie
§ &= accapMaccane) e
H] AvionicsDataPort
slnterfaces gk 3 Ila
ivehicleManagement VastoPlot oo S ancer [}—  iOptical iRsdar FLIR
NevDataPort alnberfaces
& getvehideStatus(pvoid mwmu)—{ll pot  FireControlPort ioptical
= swtilarrrivakaeslovoid T E
'E:' hmﬂm = e Tey oty e
bebhﬂh sl iSetattitude AttitudeData iGun iMigsie = moveRsbtin|dint dyint)void
= v
-mﬁn- alriterfaces Iribrfaes =] mmmwmﬂwﬁ
e vixata idttitudeData fGun £ evEnableVideoStmamy)
iertoPilot k7 evDEable\ideoStream()
- - = gehlumentiocabony oo = getalckxbie = move(lvoid I.? evTakeSnapshot)
i;bmq;-wq):m' = petFhePin vl B seti2cie: = it =
engmgeiutnpinl{) = getile iy ol E
i cise = -2 lfmrm (= pet ko EpfireGuni)
et acee almterfaces
iMissile WFLIR
alnterfaces =Inkerfaces
iDoors HetAttiude
= SstSnectrumiange vt
= getDoorStatusvoid ; choublaFvoid = pettisiecStomlni o = moveTof ol
W - 5 o getMemi et sk L s M s St S
LP“W = stPRch{pdoutle voel Ep slectMissa) - evDisableFLIR()
evStoptonitoringDoors() = et Fangiocbuble void & FreMissie() i avEnabioFLIR])
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bdd [Package] AntiPatternsPkg [Anti BDD]

. i Btocks Name isn’t
Antipatterns S aposeof i g | e | B singular
diagram is to show the s : =
algorithms for elevator . rtsButtons\ = dopushint
Mission statement call control A —
doesn’t describe . Opeior ] coorgvas
the diagram Likely, wrong ’
contents direction 1 T T, lollition) GREE I
aggregate Control
s Panel
Why does elevator Flevatorcontroler " e
Valres UpButton
controller know = butonstsTe o vabes
‘button status”? = pushint
Opertons OpeEtons
& requestCariwhichFoornt, drectionnt)void Operations &% pushi)
. itsElevatorControler | *
There are unlikely
to be multiple . This confuses
elevator . generalization with
controllers = e instantiation / usage:
= postonoue UpButton is a usage

_ Opertons So which is it? of button not a type of
Inappropriate type 5 accepiReqy yP
pprop yP égﬂ?ﬁé’jﬂ%fﬁ Is push — a value button
setPostion(vod
Missing arguments property or an
event reception?

i
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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

i
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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.
CombatlD using a CombatIDType enumeration type rather than int)?

L OCOoOO0oO0DO0DD0DDO

Use relations appropriately?

O Association

O Aggregation

O Composition

U Does the diagram
O Identify its purpose and scope?
O Contain only elements relevant to its purpose and scope?
O Contain all elements relevant to its purpose and scope?
O Minimize line crossing?

i
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Exercise: Evaluate the following Block Definition

Diagram

bdd [Package] WiperDesign [Wiper BDD]

«Block»
WiperBlade
«Block» «Block» Values
UserControl WiperSystem 1
E—— <§ E position:...
H torg:Ne...
> fpBlade mprotor
1 «Block»
H ContinuousMotor
«Block»
WiperUI Values
’ E speed:MeterPerSecond
pControl Operations
EI:I E setSpeed(s:MeterPerSecond):void
|
«Block» pPower -
WiperController
pe pMotorLeft <Block»
Values PowerSupply
E mode:ModeType MotorRight Values
E rate:String \
«DataType»
ModeType Operations Qperations
EnumerationLiterals E setMode(m: ModeType):void
$EOFF = setSpeed(s: Untyped):void
£ MANUAL - «Block»
&2 INTERMITTENT pPower BatteryPowerSupply Mot
pMotor
££ CONTINUOUS Valves []
‘95 RAIN_DETECT E current:Ampere

«Block»

ECU

pPower

T

pECU

E powerRemaining: Watt
E voltage: Volt

T

Qperations

MITRE | DE Platform
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Speed Demon Subsystem Diagram

pOisplay >
pOrive 1 itsPowerUnit Mission: The purpose of this
- pMeda diagram is to show the subsystem
architecture
pComm pPower
1 itsCommunit Note: Dynamic connections are
shown with proxy ports. Static
pControl mechanical connections are shown
; with associations
pTControl pControl
pPowes I pPower 1, pComm pPower
1 itsDriveUnit 1 : itsControlUnit 1 itsDisplayUnit
I t I B I k - i | -
TControl
I I I l P! pMedia pPower
pOrive pControl 1 itsMediaControlnil
1 0 1 nsTreadmiliControlUnit pControl

Diagrams A W v e

1|1 itsRightUpright !

1 itsFrame

[
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Internal Block Diagrams for Associations

bdd [Package] GeneralStuffPkg [Aircraft Composition Architecture]

» IBDs display the parts of a block and _
their relations. Aircraft

» Consider the BDD at the right

navl 1 L positiorl
way, | ,*
«Block» itsPosition | «Block»
Navigation itsWaypoint | _ <Block> 1 1| Position
1 « | Waypoint |itsWaypoint
itsNavigation
itsWaypoint | 1 velocity \/1
itsNavigation | 1 «Block»
attitudE : 1 1 Velocity
«Block» itsVelocity
Attitude
1
itsAttitude

ES
L
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Internal Block Diagrams for Associations

. ShOWS inStanceS and their ConneCtionS ibd [Block] Aircraft [internal block diagram_0]

 Shows the internal decomposition of blocks _ EE——
into contained parts —————
« Some tools indicate multiplicity inside
square brackets
— For example, nav:Navigation[1] itsNavigation | 1 t
i connector velocity:Veloci
 Remember that while ports cannot be 1 .
connected on block definition diagrams, tsWaypoint | *
they can be connected on internal block *, Way:Waypoint
diagrams
« Note the names of the parts match the role x| 1 position:Position
end names of the composition relations,
and the instance multiplicity matches the

role end multiplicity Instance multiplicity

Note that you can optionally show role end names and multiplicity
on the connectors (from the associations) if desired.

i
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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

DE:  MITRE | DE Platform

bdd [Package] GeneralStuffPkg [Aurcraft Structured View]

«Block»
Aircraft

1 nav:Navigation

Vales

1 attitude:Attitude

Operatons

*  way:Waypoint

Valves

\&lues

Operabions

1 velocity:Velocity

Valves

Operations

Operalions

1 position:Position

Values

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Internal Block Diagrams with Ports

bdd [Package] ArchitecturalDesignPkg [StructuralMode! Structure]

pExternalComms: |ExP rnaIComms

«interfaceBlock»
iExternalComms

«Block>»

System

I_l

Vales

l&kies

Cperatons

Operations

«proxy»
pPiIot:~i)I§'}iot Na
«Block>» «Block»
NavSubsystem Propulsion
Vales Vates
Operations Operatbns
0 ———
| -
«proxy» «proxy»

pPropulsion:iNav_Propulsion pNay:~iNav_Propulsion

«proxy»

)

«interfaceBlock:»
iNav_Propulsion

\&lies

COperations

«interfaceBlock>»

iPilotControls_Comms

Vales

«proxy»
pNav:iPilot_Nav
«Block>» «Blocks»
\/ PilotControls EnvControls
«Block» Valres 1 1 lales
Comms
Vaties Operations Operatons
™1
_ | -
Qperatons «proxy»
D—D— pCommis:iPilotControls Comms

roxy»

pPilotControls: ~iPilotControls_Comms p

(134

mms:iExternalComms

Note my personal choice of interface block naming convention:

ES
L
_'Dﬁﬁ,‘ M ITRE D E Platfo rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

COperatons

«interfaceBlock:»
iPilot_Nav

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

ibd [Block] System [internal block diagram_0]

1 itsEnvControls:EnvControls 1 itsComms:Comms
XProxy»
pExtComms:iExternalComms pExternalComms:iBxternalComms
«proxy» 0 0
pPilotControls: ~iPilotControls_Comms -

pon ne-thr 1 itsNavSubsystem:NavSubsystem
mstantlat!ng pPilot:~iPilot_Nav
an association ]
«proxy» —
pComms:iPilotControls_Com m'r: «proxy» T
1 itsPilotControls:PilotControls pPropulsion:iNav_Propulsion

pMNav:iPilot_Nav

1 pNav:miNav_Prgﬁ’ﬁﬁsﬁﬁ

[r / 1 itsPropuIsio'lT:'Propulsion
Connector
between ports
on parts

ES
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An Internal Block Diagram for The Speed Demon™ Treadmill

bdd [Package] ArchDesignPkg [Speed Demon Subsystem Diagram]

pDisplay

3 = = o]
i 1 itsPowerUnit:PowerlUnit |-: L. .
pDrive [: Medi Mission: The purpose of this
phiedia diagram is to show the subsystem
architecture.
MNote: Dynamic connections are
| shown with proxy parts. Static
pContro mechanical connections are shown
— with associations.
pTControl T pControl
Powel Powel
. . P . iry " pPower pComm p r L
1 itsDriveUnit:DriveUnit 1 L%Controljrﬁt:(lontr‘&]rﬁt 1 itsDisplayUnit: DisplayUnit
Control i abies
; poIe_ pDisplay pControl
[J I_EE |—_‘
-
Operatins
-
pDeck {4}
pTControl i
pMedia pPower A
pDrive pPower pControl | 1 itsMediaControlUnit:MediaControlunit

: P Ly 1" itsTreadmillControlUnit:TreadmillControlUnit pControl

L i L 1 itsCenterUpright:CenterUpright

N i ) :
1 itsBelt:B 1 4 Pe—— -
1 itsLeftUpright:L 1 itsleftArmAssembly:Left RightArmAssembly:
1 4 |1 itsRightUpright:Rig 1
1
=1 1
1

itsFrame:Frame

DE:  MITRE | DE Platform
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Line crossing

Anti patterns Instance with

default name

ibd [Package] AntiPatternsPkg [Anti IBD]

No Mission
statement

Unnamed

iInstance
Instance with
anonymous
type
Elmgr.‘c.m:‘m”m 1 itsControlPanekControlPanel
= buttonStatus:int |
Why is this ——
CI aSS h e re ’? E requestCar{whichFloor:int,direction:i. .. \

1 itsElevatorController:ElevatorController

Vales

= poonsisnt ) Inconsistent re: showing

_ features (might be ok

Feature g ot e : (mig R
requestCar{whichFloor sint, direction:int):void d e pe n d I n g 0 n m ISS I 0 n)

partially hidden
— Is that ok?

i
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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?

cCooo0DD0DD

Use relations appropriately?

O Association

O Aggregation

O Composition

U Does the diagram
O Identify its purpose and scope?
O Contain only elements relevant to its purpose and scope?
O Contain all elements relevant to its purpose and scope?
O Minimize line crossing?

i
Eﬁﬁ; M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Exercise: Evaluate the following Internal Block Diagram

ibd [Block] WiperSystem [WiperSystem IBD]

1 MotorLeft:ContinuousMotor
1 itsWiperUL:WiperUT pControl:iMotor_Controller
(]
pPower:iMotor_Power
{1 N
pController \_El
E3
fpBlade Ei
pUI
1 its\'ﬁperCol_nltmler:\'ﬁperCDntmler
_ pMotorLeft:~iMotor_Controller 1 motorRight:ContinuousMotor
1 itsECU:ECU L]
— pControl:iMotor_Controller fipBiade
L [] i ] fest
pPower:iController_Power pMotorRight:~iMotor_Controller
—
anwer:iMotor_\vﬁmr
fpMotorL. + fpMotorRight
Motor:iMotor r
,__I P ‘Pie 1 \'ﬂperliﬁ'deRingﬁ:\'ﬂperBlade
LI > riControler i 1 BatteryPowerSupply:BatteryPowerSupply
pECU:iPower_ECU

(]

[

DEi MITRE | DE Platform
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Basic Behavioral

sd [Package] GeneralStuffPkg [Arcaft Internal Sequence 1]

Ponern(; >,

|

PonerOn))

- Status(ACTIVE)
PonerOn .,

startp()

status(ACTIVE)

ENV AraaftFMs Araaft, Airaraft, aft.
naviNavigation GPSReceiver Arspeedsensor
Initeize .
sStartup)

Startuo()

tatus(ACTIVE)

L
P

S I T I I I

L

e retryCount = 0; SEEIG] ]
@ sendMsg(params.msg);
evMessageStatus(false) to itsSender [ese] @ /‘
[retryCourt < MAX_RETRIES]

ECT

|

tm(RETRY_TIME)

:"}—:HIE_EPS_M“TO

Modeling in SysML

\
\
|
T
\
\
[
\
\
\
\
Fositonqat, ng, 1)

p
|
|
|
|
|
|
|
|
|
|
|
|
|

7
7
Z g )
é l WaitingForACK @
memm DEE“: evMessageStatus(true) to itsSender @ log(WAITING); ;/co(nt .
7
% : checkPosition({at, \unf, )
: ’ | .
Sequence Diagrams ==
Activity Diagrams S
-bricmz =) .
|
. - o
State Diagrams > o a :
.m oo .&m abincok i O R,é;?wwm
0 ; T ‘ [
Checklists s | 1
e 2 — oy | Sgmenanr
R l : -
— | o
s (e[ Tt i = g
b‘-’-v&«:( "*m mmﬁ.‘wﬂ-o inm mnwu-a
wriodgox [ J
L - *Restant
5 <&
54 ’

MITRE  DE Platform
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Sequence
Diagrams

-Q:E MITRE DE Platform

sd [Package] GeneralStuffPka [Aircraft Internal Sequence 1]

EMV Aircraft.FMS Aircraft. Aircraft.
nav:Mavigation GPSReceiver

Aircraft.
AirspeedSensor

Initialize ) ;

sStartUp()

PowerOn{) ;

Emphemeris_Data(),

osition(lat, long, alt)

ched:Pasition{lat, lon
|_
|‘_

|
|
|
|
SetFl‘osiﬁon{Iat, long, alt) I

R

Y—

F, alt)
|
|

|
|
|
|
| startup() :
E Status{ACTIVE) |
I PowerOn() |
| startup() |
!,f status{ACTIVE) | |
rl?nweron{! |
| | Startuo()
|
rl?i status(ACTIVE)
f zerof)

—
i
|
|
|
|
|
|
|
|
|
|
|

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

92



Sequence Diagrams

« Sequence diagrams show the behavior of a group of instance roles over time in
specific circumstances. o
Lifeline

* Messages are shown as arrowed lines from the sender to L&t AS:ArSpeed Sensor
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)

i
E’E;—. M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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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.qg. 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

M ITRE D E Pl‘atfu rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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More on sequence diagrams

« Alifeline 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

sd [Package] AntiPatternsPkg [But This]

sd [Package] AntiPatternsPkg [Not This]

Which is better? /

Traffic Light Car
prinaryLaneRed() .
secondarylLaneGreen() ~
primaryTurnLaneRed() .
secondaryTurnLaneGreen() ~

intersectionLight: TrafficLight

primaryLaneCar:Car

primaryTurnLaneCar:Car

secondarylLaneCar:Car

setColor(Red)

setColor(Red)

setColor(Green)

setColor(Green)

seconadaryTurnLaneCar: Car
# Lifelines are typed

Lt: MITRE | DE Platform

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Different roles are
separated
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Sequence Diagrams /m
» Instance of a block

EMV :BuilderStrategy 1 itsGasTester1 itsGas itsValve
» Instance of an actor
e R | | | * Instance of a use case
e N |
oew0_ | e 3

Message arguments
Can show arguments

awiL

it

evTestl()

IEEEED ———

| ReadytoTest
|

|

|

Synchronous Message

 evEnable()

Like a “function call”

RunningTest

Asynchronous

|
setCu:ummandEdFIu:uw[p_cnrgg'landediluw = 20)

il

|

I

|

|

Message

ieiﬁ]:mmandedFluwD
computeAperture(flow = 20) | Message to self

|

|

|

|

|

|

| enabled |
l =
| .
| 10) at R.D[JT.RunnlngTeslt

|

|

|

|

I

Like sending an
asynchronous event

i

|
| | Such as a state entered or
"1| I a value set for a variable
| |
| |

getCommandedFlow()

ReadytoTest

g

DE:  MITRE | DE Platfor
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Decomposing Sequence diagrams 1

sd [Package] GeneralStuffPkg [Operator Demao]

-Pilot :GPS -Aircraft Aircraft. Aircraft. Aircraft.
ref Aircraft itsAttitude: Attitude itsPosition:Position itsVelociby:Velocity
Internal
Seguence 1 | | |
Ref
Initialize Nav
> 4

Referenced

Sequence
diagram

Known as “horizontal decomposition”
this allows sub-sequences to be nested

o
Ay

R ey

Ephemeris_Data() |

)

Determine_Position()

etPosition()

o e

o

|
|
|
|
setPosition(lat, long, aftL

alculate_Velocity()

I
setVelociy(dLat, dLongL dAl)

M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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DE:  MITRE | DE Platform

nnnnnnnnn

\ :Pilot

sd [Package] GeneralStuffPkg [Initiaize MNav]

:GPS

‘Aircraft

A

|
Ephem eris_datan

StartUp()
lg—

| zero()

Aircraft.
itsAttitude: Attitude

Aircraft.
itsPosition:Position

Aircraft.
itsVelocity:Velocity

| zero()

| zero()

Enable_GPS_Receiver()

|
|
|
|
|
|
|
|
|
1

| . iy
Determine_Position()
==

hog—

| setPosidon(lat, long, alt)

|

|

|

|

|
1

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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DeCOmpOSing Sequence diagram 2 Decomposed Lifeline

 Known as “vertical decomposition” this
lifelines to be decomposed

sd [Package] GeneralStuffPkg [Operator Demao] /
:Pilot :GPS :Aircraft Aircraft. Aircraft. Aircraft.
ref Aircraft itsAttitude: Attitude itsPosition:Position itsVelociby:Velocity
Internal
Sequence 1 | | |
Ref

Initialize Nav

|
|
Ephemeris_Data() | |
|
|

Determine_Position()

)

etPosition()
alculate_Velocity()

[

o e

o

|
|
|
|
setPosition(lat, long, aftL

I
setVelociy(dLat, dLongL dAl)

R ey

|
|
|
|
|
ES
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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

DE:  MITRE | DE Platform

-

sd [Package] GeneralstuffPkg [Aircraft Internal Sequence 1]

Emphemeris_Data()

ZEro

)

{ Zero :l

}EH_EME_GPS_RECEWE[G

e

RS R R RA

|
|
|
|
Seﬂilrcusiﬁun (lat, long, alt) I

|
|
|
|
|Lositi0n(|at, long, alt)

SS—

chedPosition{at, IDnFr alt)

EMV Aircraft.FMS Aircraft. Aircraft. Aircraft.
nav:MNavigation GPSReceiver AirspeedSensar

Z | | | |

% Initialize

S ) | | | |

/ sStartUp()

7 | | |

7 | | |

“

“ PowerOn( ; | |

?’; startup()

. | b | |

e

% - Status(ACTIVE) | |

% |Pu:uwerOnD | | |
7 | | p0 |

e

7 | | |

? L | status{ACTIVE) |

:ﬁ// r\F‘\DwerOnD | |

;2 | | |S13rtuo{]|

Z | | L]

f |- I status(ACTIVE)

o o '

o E zerol) |

7

7 |

|

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Interaction Fragment Operators

assertion (“can’t happen”)

Category Operator Description Syntax
O Naming * sd Name the interaction diagram sd <name>
a
- | * ref Reference an interaction diagram ref <name>
P —— —
_= Control Flow * loop Repeat interaction fragment loop <range> <loop condition>
(o) loop (0, *) [until stop pressed]
E * opt Optionally execute interaction Opt <condition>
£ opt [x<10]
8 * alt Selection alt[case 1] ... [case n] ... [else]
sl Alt [x<10
= [x<10]
é * 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 assert
assertion
neg The interaction represents a negative 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)

DE:  MITRE | DE Platform
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Interaction Operator : Opt and Alt

‘RemoteFilot GroundDatalink AurbomeDatalink (LAY FLIR VideoCamera

scanForTargettargetType) __: |
" sendDat agram{ControlCmd, msglD)

|
|
AckimsglD) | :

I I
| I I
I I I
I B I scanForTargetlangetype) I I
| | [ "l I I
opl [targetingEnabled() | [ [
I I I
alt [cameraPayoadMounted] | snableCarneral) | i
[ I CameraPDET{TI
I | :
I I
| [ { Active
| —1 |, cameraReadyl)
A A A _
[FLIRPaylpaditounted()) | enableFLIRQ | |
/ | FLIRPOST() |
I I
//v I ! At .'} I
I FLIRRead(); f :
Alternative N D e
. - ermoisgMISSING_PAYLOAD) | | |
I’eglonS b _ sendDatagram{Erorhisg, Mgl N | | |
“Ack{msglD) .
srrotdeg(MISSING PAYLOAD) » I I I
N I I I
' : :
I I I
I I I

A I ' |
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Interaction Operator : Parallel, Loop, and Opt

Parallel
regions

DE: MITRE ' DE Platform

L
Use case: Proximity Detect
Scenario 1

Descrption:

System is stationary, then
proximity detection is
enabled. The system scans
the local area within the
detection radius and
detects, identifies, and
locates three distinct
objects.

Preconditions.

System is warmed up and
has passed initial Power On
Self Test (POST).

Post-conditions

System comectly identifies
objects within the proximity
field.

sd [Package] ProximityPkg [Procimity Detect Scenario 1]

waPD_Pilot sucProximityDetect :aPD_ExternalObject |
Warm stai.se
| geOperational) - _
Operational state
paralel
[ loop funti disabled]
loop ] [until entire environement has been painted with range bursts]

rangeBurst() =,
rangeBurstReturn()
caloulateRangs()

—
, reangulateEmitter()

-—
=, funtl disabled]
|identifyObjects()
characterizeldentifiedObjects()
=1 J
appl tionFilber ()
r—
opt) [detected object passes fiter]

objectDetect{range, position, criticality)

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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What does parallel mean?

 Athen B then C ® !

« Xthen Y then Z -

» But happens first? S .
— Aor X? AQ N
— BorZ? B0 .
— ZOrA? o i

« Because A and B are in one
parallel region, but X and Z are in - . |
another, we don’t know. 0

+ If we cared, then parallel regions . g
was the wrong design choice! -

n() -

ES
L
-Dfl;ﬁfﬁ M ITRE | D E Plath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

104



Default name; Time IS not an

Antipatterns no type actor (BAD!)
v

lifeline”_0 :Buttons :ControlPanel :ElevatorContr :UpButton A Time
oller

sd [Package] AntiPatternsPkg [sequencediggram_36]

No Mission

statement |

Default msg name

Line crossing
(might be ok)

time()

[\,

s

-
No, time can’t

|

|

|

|

[ﬁtm 1000}
Time a “message

|
|
to self’ (GOOD!) |
|
|
|

flow
backwards

é
Z
o

do a bunch of =uff

| Synchronous messages
' should be horizontal

Informal message .
M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 105
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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?

i
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Exercise: Evaluate the following Sequence Diagram

sd [Package] ECGPkg [SD2]

Physician role_0 HeartThrob(tm)
] System
Use Case: Display
Waveforms I
Scenario. Scenario 1 I setNumberofl.eads() -
|

| |
| |
Description: wu I I I
The sys_tem is set up to run loop | |
in scrolling mode during a I- |
IV lead pair for waveform 1 |
and a |I-1l pair for waveform |
2. The timescale is et fo 50 I
mm/s for channel 1 and 12.5
mm/s for channel 2. loop

| Data is acquired
"""""""""""""""""""" > filterData() |~ periodically at a
| | - rate of TBD

Preconditions:

The patient is anesthetized
and connected to a 5-lead
configuration of the ECG
machine.

Post conditions:

r
|

|

|

: |
|f > filterData()
|

|

|

|

|

|

|

|

7\7T_E__"_______

Data is displayed on the
screen. Data is
| updateDisplay(Channell) | displayed at a
! updateDisplay(Channel2) | T~ — _rate of TBD
| F—— 1T+ ——
| | | —
! disableWFDisplay() ! ! e
| | |

Sy
~

ES
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retnes = 0; ; setMasterCode =) ’

mv;o:a =

* e * .

L msg [
] ] eDigt . e
- = msg = "Wrong Code
Ja/ n eClear evSubmit | Reay
I V I o .
entryCode[insenPoirt] = n, \ . .
nsenPoint++ checkintryCade = feties <9
= "Entered: " .
:“:9" roroErtryCode =| (e} ;:sg = 'I’o';m:ry retnos
- - Sing the ,.
msg P RS decision -
| | \L \L RETURN
S I3 n iy \Lmsg
print
D o
e ese] | 1TSS pa -
) mnsertPont = 0. [TOKEN == true) A0k 10 itsAcRssOr
freertPont < 4 !
uriodDoor =
X i aRestant
msg = "Entry Complate
Exther CLEAR or SUBMIT™
i msg evUniock to RsAcomssdr = ‘
LA
pont

ES
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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

e 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

i
E’E;—. M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 109
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Introduction

* Activity Modeling is all about flow of I/
— Control (most common) Count Satellites
— Data |
— Energy \L*

Calculate Position

— Mass |
— Materiel J

« Shows the sequencing of actions using control flows SEIIL IR

« 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.

i
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Basic syntax — actions and flows

W\®

[ Count Satellites }

| -

Decision node

[else] [satelites == 3]

| — — —

| |
il \Jﬁ’

[ Estimate Position ] [ Calculate Position }

-
.

i
DE:
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EV e n t S act [Package] Default [CookMyDinner]

l

delaylnterval /
evitart(Second delaylnterval) 5
I defrostIntensity
Accept event J
. [doorClosed()]
aCtlon decision. — — — — — _——
T - . defrontDuration
| delayInterval
| [else] |
Jr |
evDoorClogse | | |
Bake Temperature CookTemp
CookTime CookTime
Send event > | cubakingbone to tecook >< _______ n

action

>©

M ITRE [ D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Activity Parameters and

act [Package] Default [CookMyDinner]

]

Action Pins

Note event
parameter pin

evstart(Second delaylnterval)

delayinterval

il
—

Object flow

| defrostintensity
e
- [doorClosed()]
decision — — — — — —_—— — duration
| T | defrontDuration
delayInterval
| [else]
W ——-
evDoorClose ﬁ'%
Bake
Temperature CookTemp
CookTime CookTime

evBakingDone to theCook ><_ - h

i
DE:
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Object flow

' . - i Object node
* Object token flow always implies Object flow J
a control token flow

Product x int Consume x

 Object tokens are inherently > >

gueued because tokens

shouldn’t be lost Expose types (optional)

. . Produce x _ Consume X

* These two different notations anotherway x:int ;- another vay

(object node vs action pins) X

mean exactly the same thing f f

 Pins should be type-compatible

i
DF:
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Activity Parameters and Action Pins

Call

Operation
Action

act [Package] Default [Bake]

Temperature |

—
| defrostintensity
intensity i;‘i
deFrost
_ _§ E [* E] duration
S _>[ }EF defrostDuration
delayInterval |
— )
)
Bake \I Temperature CookTemp
CookTime CookTime
]
S n
.

-Q:ﬁ,; MITRE DE Platform

Call Behavior

Action

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Merge Node
‘
L

Merge is needed because control flows \J,
flows have ANDing semantics entryCode{insertPont] = n
So this is a way of saying “continue msg = “Entered *
here if ANY of these flows occurs” \Lm J,p

nsertPort = 0

frsorPont < §

msg = "Entry Complete
Ether CLEAR or SUBMIT,

S¢M

o
§
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Another Activity Diagram: Use Key Pad to Unlock Door
peha =4 . (mennworte & | ‘

‘. | ‘ ‘ [ em

evDigt 4
jwoknbyCode msg = "Wrong Code
\.L o eClear evSubmt . Retry™

L
entryCode[insenPoint] = n, ! N
nsenPomt++ hedEintryCode - feties < §

= "Entered *, )
:‘:gn, roroEriryCode & e msg = ’To; many retnos
- o i o Sounding the alarm!™;
\ng \Lp ) i RETUR? decision .
S [3 n s ‘ \i{mw
pont =
| LB
or [&!] retnes++; prnt -
» S msertPont = 0 [TOKEN == bue) A0k 10 itsAcessOr
frsertPont < 4§ )
X i avRestant
msg = “Entry Complate
Ether CLEAR or SUBMIT;
i msg eviniodk to RsAccesscr - ~— ‘
S
pont =

ES
L
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Fork and Join

 Explicitly shows parallelism
 Not needed In most cases because of token execution semantics

[Iil‘ispllsuj,.r Selection J7 _ —| \‘I/

] [D‘ispula}.,.r Selection ]

| v | '”i“a"z;g””d” ) | | [Initializ;bGrinder J
J " | —_ J J |
[ Boil Water ] [ Grind Beans ]<_ - _| [ Boil Water ] [ Grind Beans ]<_ _
| | ]
J J .
| [ Etr;:: E;:;Ffee
N

{ Brew Coffee J

ES
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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.

User Interface Controller
& Microwavess Ovenss
Door Closed I }[ Defrost Cycle ]
Sy
[Micruwave Cycle J
L _r_ _
J
[ Bake Cycle :]

DE:  MITRE | DE Platform
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A n t I p att e r n S act [Package] AntipatternsPkg [Antipattern] \.I/

: c Check Wat ; . .
Mission? > T et This action will never execute

(missing merge)

|
Guard \[,

conditions | getTemp L]
overlap RS >L J< __________ |
I +] RETURN I
| |
| |
Cool Water Heat Water
[TOKEN > 150] - [TOKEN > 40]
——————— decision — — — — — —
|
| [TOKEN =90]
|
N

Take Bath

Probably mean

TOKEN is how Rhapsody refers to | “==% ot “=
a returned value in a guard (legit) ¢

i
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Activity Modeling: Key Takeaways

» Activities can represent the behavior of
— Asingle 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)

i
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Activity Diagram Checklist

O Is there an initial (default) control flow?

4 Are all actions connected by a control or object
flow?

d Is there a terminal connector?
O Is line crossing minimized?
O Is the purpose of the diagram properly specified?

O Are parallel flows independent in terms of order
of actions?

d Is the action language used appropriate for the
intent?

 Natural language to capture conceptual flow

 Action language for specific and/or
executable flow

n

ao«
AkE

O Does the activity model execute?
O Are swim lanes used appropriately?
Do they imply allocation of functionality
1 Are race conditions avoided?
U Does the activity diagram execute?

O Is it clear how the correctness of the
activity diagram is verified?

i
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Exercise: Evaluate the following Activity Diagram

Exercise Activity

" printReadyToStart() | > ©

evSetX A4

. evPrint <
S wint yd

|

N/

value:String
| print value;

==

l./'
value = value + 1

| } evDonePrinting \

. ) - e
M ITRE | D E Plath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 123
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evSend/ r :
Idle retryCount = 0; Sending @|

é sendMsg(params.msg);

u
evMessageStatus(false) to itsSender [else] @
[retryCountt < MAX_RETRIES]

tm(RETRY_TIME)

WaitingForACK @
evMessageStatus(true) to itsSender = log(WAITING); < / count++;

i
L
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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.

-
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State Machines

DEFINITIONS

LL]

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.

DEFINITIONS

[0

Order of action execution

(1) exit actions of current state
(2) transition actions

(3) entry actions of next state

pppppp

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Basic State Machine Syntax (Rhapsody)

Event name

Action list State name

\rpredecesschtate 2) [ SubsequentState

Entry action

) o) is():
\E' eatry Thingy(); evl[x>=0]/ tAction(); ‘E' doThis();
=, exitThingy(); » » =, doThat();
(w;:r_} e2/reactionThingy(); l%) el/doTheOther():
w

\ J L A

Internal Transitions

\

(“Reactions in state”)

Rhapsody doesn’t support
“do activity”

i
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Basic State Machine Syntax (Cameo MagicDraw)

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.

stm [State Machine] myStateBlock[ my StateBlock ] )

Predecessor State

entry / entryFunction()

mfp-l0 / OngoingActivity ev1 [x>=0] / transitionFunction

-

Subsequent
State

~

evinitialize / initialize Sy stem()
exit / exitFunction()

L.

entry / doThis
do / doTheOther
exit / doThat

i
DF:
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Triggers and Guards (Rhapsody)

: Transmon
Event trigger

aCtIOI’]

Initial
pseudostate Entry action
evSend/
retryCount = 0;
Sending

msg ToSend=params. msg,

@ sendMsg(msgToSend);

Conditional pseudostate
(“junction”) \
evMessageStatus(false) to itsSender < ] C

N [retryCount < MAX_RETRIES]

Terminate RERMEEE — | eerer e

/P WaitingForACK (&
M Status(true) to itsSend <eVACK = log(WAITING) < J

evMessageStatus(true) to itsSender = log ;
/ retryCount++;

_ _ Null-triggered
transition

i
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Triggers and Guards (Cameo MagicDraw)

(act [Activity] Send Message Failed [ Send Message Failed ] ) )

o

«readSelf»

result
object

«readStructuralFeatu re»j

sender

result
arget

- J

ract [Activity] Send Message Succeeded action[ Send Message Succeeded action ] ) h

«readSelf»

result

object
«readStructuralFeature»
sender

result
arget

Message Send
Succeeded

RO

Message Send Failed
@ T

stm [State Machine] Message Transaction state diagram|[ Message Transaction state diagram ])

L —

evSend/ retryCount =0;

( Idle

T~ Lentry / Send Message FaiIedJ(

®

Lentry / Send Message Succeeded

msgToSend = msg; [ sending |
Lentry / sendl\/lessageJ
) i
[else]
* [retryCount < MAX_RETRIES]
after (RETRY_TIME)
N\ 4 .
evAck | Waiting For Ack ]( J
entry / log J ! retryCount = retryCount + 1
w |

P{ﬁ; MITRE DE Platform
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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

DE:  MITRE | DE Platform

Composite
state
i Armed A
IPS—
displayExitTime(); | ExitingHouse |
Off soundExitTone(); .[ J
tm(EXIT_TIMEY
A silenceExitTone();
displayActiveState();
p Y
evimmeditateActivation ActivelyMonitoring
>
evDoorCpen/ —>» Detecting f%,l' tmi(SILENCE_TIME)Y
soundEntryTone() displayActiveState();
displayEntryTime(); "% activateSensors();
i : | Silence |
—vDisarml _ evMovementDetect evWindowOpen
deactivateSensors(); EnteringHouse ‘ ‘
silenceAll(); evidovementDetect
DisplayOff{); l
P | v
/ | Intrusion {3
tm(ENTRY_TIME)
/ p..: ", soundAlarm();
tm(ALARM_ON_TIME)Y
[ | silenceAlarmTone();
'
Nested
State h g

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Let’s see how it works: Scenario 1 Step 1

Magenta
indicates
current state

DE:  MITRE | DE Platform

stm [Block] HomeAlarm [statechart 11]

( Armed )
[initialize();
silenc=All();
evDelayedAdivation/ )
displayExitTime(); ExitingHouse
soundExitTone();
tm(EXIT_TIME)/
silenceExitTone();
J displayActiveState();
ActivelyMonitoring N
B ® > Detecting 2 tm(SILENCE_TIME)/
evDoorOpen/ e displayActiveState();
soundEntryTone(); eations
di Ti H ; .
evDisarm/ isplayEntry '”"EOJ/ (22 activateSensors(); }
qlenc;aﬁll()semrq]; [ EnteringHouse evMovementDetect [ Silence
si ;
displayOff(); l evWindowOpen
evMovementDetedt
J/ NAY/
[ Intrusion @
Readi
tm(ENTRY_TIME) (=& soundAlarm(); :E(N_ARF:H 1935918@5)/
' J
N J

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Scenario 1 Step 2

stm [Block] HomeAlarm [statechart 11]

[initialize();
silenceall();

e

evDelayedAdivation/

displayExitTime();

J

m(EXIT_TIME)/
silenceExitTone();
displayActiveState();

ActivelyMonitoring

Green
indicates last
state and last v ImmediateAdivation
transition
taken
evDisarm/
deactivateSensors();
silenceall();
displayOff();

DE:  MITRE ' DE Platform

evDoorOpen/
soundEntryTone();

o——>

Detecting f‘?"_;

diSPIaYEntrY'l'lme();\L

Reactions
(& adtivateSensors();

tm(SILENCE_TIME)/
displayActiveState();

[ EnteringHouse

|

evMovementDetect

evMovementDeted

\

Intrusion @

tm(ENTRY_TIME)

Reactions
@ soundAlarm();

|

Silence

tm(ALARM_ON_TIME)/
silenceAlarmTone();

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Scenario 1 Step 3

stm [Block] HomeAlarm [statechart_11]

[initialize();
silenc=All(); eayed "
av Adivatio

Off displayExitTime();
soundExitTone();

ExitingHouse

eviImmediateAdivation
evDoorOpen/
soundEntryTone();
displayEntryTime();
evDisarm/ J/
deadivateSensors();
silenceAll(); [ EnteringHouse
displayOff(); l

N

tm(EXIT_TIME)/
silenceExitTone();
displayActiveState();

ActivelyMonitoring

tm(SILENCE_TIME)/
displayActiveState();

Intrusion

@

tm(ENTRY_TIME)

Reactions

[g soundAlarm();

tm(ALARM_ON_TIME)/
silenceAlarmTone();

ES
i -
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Scenario 2 Step 1

stm [Block] HomeAlarm [statechart 11]

Armed A
[initialize();
silenceAll();
evDelayedAdivation/
displayExitTime(); ExitingHouse
soundExitTone();
tm(EXIT_TIME)/
silenceExitTone();
J displayActiveState();
ActivelyMonitoring N
S/ mmeceAdeon o) Detecting 2 tm(SILENCE_TIME)/
evDoorOpen/ - displayActiveState();
soundEntryTone(); Reactions
evDisam/ dmaﬁ"“"“meo;\\/ 23 activateSensors(); l
d'kam:a.aﬁ‘!«ll()Semc,r&(); [ EnteringHouse evMovementDetect [ Silehoe
i ;
displayOff(); I eviVindowOpen l
evMovementDeted
[ Intrusion @
Readi
tm(ENTRY_TIME) (=& soundAlarm(); gg(mnr;lﬁ _?:@18@5)/
' J
vy

(s

LDE:  MITRE | DE Platform
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Scenario 2 Step 2

stm [Block] HomeAlarm [statechart_11]

[initialize();
silenceAll();

evDelayed Adivation/
displayExitTime();
soundExitTone();

ExitingHouse

evIimmediateAdivation

evDisarm/
deactivateSensors();
silencaAll();
displayOff();

ES
L
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ActivelyMonitoring

evDoorOpen/
soundEntryTone();

dmaﬁnwﬂm()}\b

[ EnteringHouse

|

m(EXIT_TIME)/
silenceExitTone();
displayActiveState();

tm(SILENCE_TIME)/
displayActiveState();

Intrusion

tm(ENTRY_TIME)

Reactions
@ soundAlarm();

|

tm(ALARM_ON_TIME)/
silenceAlarmTone();

136



Scenario 2 step 3

stm [Block] HomeAlarm [statechart 11]

[initialize();
silenceAll();
evDelayed Adivation/

off displayExitTime(); [ ExitingHouse

I[ soundExitTone(); >‘

tm(EXIT_TIME)/
silenceExitTone();
displayActiveState();

ActivelyMonitoring

svimmed vaton tm(SILENCE_TIME)/
evDoorOpen/ . diplayActiveState();
soundEntryTone();
displayEntry Time(); 1
evDisarm/ |
deactivateSensors(); - Silence
silenceAll(); [ EnteringHouse
displayOff(); l

Intrusion e

. tm(ALARM_ON_TIME)/
tm(ENTRY_TIME mTon
( TIVE) & soundAlam(); silenceAlarmTone();

ES
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Scenario 2 Step 4

stm [Block] HomeAlarm [statechart 11]

finitialize();
1 silenceAll();
evDelayedAdivation/

off displayExitTime(); [ ExitingHouse

{ soundExitTone(); >‘

tm(EXIT_TIME)/
silenceExitTone();
displayActiveState();

ActivelyMonitoring

evimmediateAdivation tm(SILENCE_TIME)/
y : displayActiveState();
soundEntryTone();
displayEntryTime();
evDisarm/

dectiateSensor )  sience |
silenceAll(); [ EnteringHouse

= | —
Intrusion =

. tm(ALARM_ON_TIME)/
tm(ENTRY_TIME mTork
( TIME) =2 soundAlarm(); sllenceAlarmTone();

ES
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Scenario 2 Step 5

stm [Block] HomeAlarm [statechart 11]

I /initialize();
silenc=All();

Off

evDelayedAdivation/
displayExitTime();
soundExitTone();

ExitingHouse

evImmediateAdivation

evDoorOpen/
soundEntryTone();

evDisarm/
deactivateSensors();
silenceAll();
displayOff();

diﬂﬁlaYEnhY'ﬁme();\\/

[ EnteringHouse

|

\

tm(EXIT_TIME)/
silenceExitTone();

displayActiveState();

ActivelyMonitoring

tm(SILENCE_TIME)/
displayActiveState();

Intrusion

2

tm(ENTRY_TIME)

Reactions

@soundmarm();

Silence

tm(ALARM_ON_TIME)/
silenceAlarmTone();

DE:  MITRE ' DE Platform
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Scenario 5 Step 6

stm [Block] HomeAlarm [statechart_11]

[initialize();
silenceAll();

evDelayedAdivation/

displayExitTime(); " ExitingHouse

evImmediateAdivation

soundExitTone(); >

evDoorOpen/
soundEntryTone();

evDisarm/
deactivateSensors();
silenceAll();
displayOff();

diﬁplaYEnWTlme();\L

[ EnteringHouse

|

oA

tm(EXIT TIME)/
silenceExitTone();

displayActiveState();

ActivelyMonitoring

tm(SILENCE_TIME)/
displayAdtiveState();

Intrusion

]

Reactions

tm(ENTRY_TIME) =2 soundAlamm();

|

Silence

tm(ALARM _ON_TIME)/
silenceAlarmTone();

(s

LDE:  MITRE | DE Platform
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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

AND-state _>

On |

 Race conditions can arise

i

If the and-states are not y,
truly independent

AND-state

line

Color \T/ Brightness
goRed Red goGreen
goYellow
goRed
[ ]
! \\/I
A A | Dim
weDontLikeYellow Yellow goGreen Green |
- goYellow
— L J
qoOn goBright )
< 900ff | Rate gosim
< 3 \
3 - .
1, Bright
| Steady | goQuicdy l FlashingQuickly 1
w goSteady | ‘
_ ™ | : T
™ /|
goSteady 90Quickly
" FlashingSlowly |
]
goSlowly
o) goSlowly
ad
“ <
itsTooBright

MITRE DE Platform
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AND-States can simplify models

Without And-States

goOff
GoOff
7 =
T off goRed
goGraen
goGreen goYelow
goSteady
gooff | goSbdy goGraen
o [ =l Sb
goOff Green_St _Dim Green_St _Brigh goSbidy
< B -
goYellow o778t - goSteady
- goDim i goRed
A
of oGreen
. i goGreen o goGreen goRed 2
It na-States - . Ll /
go0ff | govelow = : ; = e
< Red_Steady_Dim goBrigh Red_Steady Bright " | @reen. _Dim gan%}ferm_ _Bright
| on ] goOn gobim goDim |
Color Brightness e S | . goGreen
go! ~
< 5 ; f 8
o0ff 9“‘“‘”] \,l/ goSlowdy gohex) goSlowdy goQuickly goQuickly goSbwidy
goYalow TR o soseah | Red-Fh Brght | -
> goDim 1 1]
=5 - %
.| Green_FiashingQuickly_Dim
§ 7
weDontLikeYellow “ ng"s'a N Slovdy o
ic|
go0f | sequdky P Jy 9o
o] won — Red_FlashingQuickly_Dim gobight| Ret FRcbinoQuEkly, frioht !
oot gonim o
goY ~
Bright
E gooff e S goGraen
< T )
i CE———
goGomD fed Yellow_Steady_Bright
Yellow_Steady_Dim oYellow
goBrht goGreen
gooff goDim & goRed
goSlowly
B
goSteady goSteady
= goSlowly
goOff acRed A
itsTooBright N | goYelow
Yellowi_FlashingSlovdy_Dim : Yelow_FlashingSlowty_Bright Gored
goBrght
goOff
5 goDim
goYelow
/l\ [
goOff
goRed o Igosbwy Quickly
o b o oBright [ Yellow_FiashingQuickly_Bright | - goYelow
Yellow_FlashingQuickly_Dim g
goRed ancamn
goDim
goOff Z govelow
goGreen
goYelow
goOff
goOff
i
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Forks and Joins in State Machines

stm [Block] ANDStateBlock [statechart 0]

Initializing

[ RunningNewSetup
evStop

[ |

LoadingMap . InitializingNavSystem ] I ReadyNav
l evGoNew [ evinitNav evDonelnitNav U aShutDonn

? k /‘\ evStartOperating N

N

LoadingCommProtocols InitializingCommDevices [ ReadyComms evShutDown

evDonelnitComms

evinitComms

\/

evGoUsingPreviousValie s evError

q\ oError ErrorState

ST

(s
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Antipatterns

(1),
]

evl) ++x; | state 2

Can't join different

events

state_1
evd —
ev’
/ state 6
eva %’
== 10; tate_4
= Evf o, e [amount =, 25]
e
[el=e] o
No starting
State evd g:niﬂf:t -0 e famount += params-=value;
state_ 5
evd ; o
tm(1000)/
print(Delay 157);
nhi— tate_7
o [x:=10] i
Only 1 of these tm(2000)/
—> print(Delay 257);

will win

DE:  MITRE | DE Platform
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Antipatterns (2)

state_0
51ﬁlte_1 | —> evlf++%|  state 2
Race =ve
Conditions
evl/ x*=10; | state_4
evh
Conflicting
Transitions S .
state 5

tm{1000)/
print(Delay 157);

]

MITRE DE Platform

Overlapping

guards

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

o

Probably
ordering
problem
ev’
state 6
eva %’
[amount == ,25]
[el=e] o
[e=0]f WaitingForPayment

print(Delay 257);

amourit = 0; :
F ~{C
[=10] ;
41:00};

evCoin famount += params-=value;

state_7
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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
— EXxit 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))

i
E’E;—. M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 146

llllll



State Diagram Checklist

O Is there an initial (default) transition flow?
O Do the states (generally) wait for an event of interest to execute behaviors?
O Are actions specified in the appropriate action language?
O Natural language for conceptual model
[ Action language for specific / executable models
O Is the data carried by events properly specified?
U Does the use of nested states simplify the state model?
 Does each nested state provide its own initial (default) transition
0 Are AND-states used sparingly?
O Are states in different models independent in order of execution
O Does each AND-state have its own initial (default) connector
[ Use of AND-states simplifies the state model
0 Does the state machine execute?
O Is it clear how the correctness of the state machine is verified?
O (DON'T) Is the state machine really just an activity flow using state syntax?

i
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Exercise: Evaluate the following State Diagram

state_1

ShuttingDown |

ev ShutDown[when the pilot releases control]

PibtReady

=

Reactions
(2% enableControlPaneREADY_STATE);

ev PiotRead/
set the button color red

W aitForPibtReady

@)

-Q:E MITRE DE Platform

ReadyStage2

evX

-

readyStagel

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

Basic Parametric
Modeling in SysML

Parametric Constraints

Instance Specifications

Parametric Diagrams
Checklists
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par [Package] runMoveTradePkg [Run Belt Drive Trades]

totalWeightedScore:Real

1

«wConstraintProparty
SpeedDemonRMObjectiveFunction

Constrainis

{0} {{ObjectiveConstraint} totalWeightedScore = costMOE™0.4 + durabilityMOE™0.2 + torqueMOE™0. 4}

K
costMOE:Real durabilityMOE:Real torqueMOE:Real
costMOE:Real durabilityMOE:Real torqueMOE:Real
«Blacke 1 P e —
SpeedDemonRMBlock RunDriveCP
Consiraints

«hitrten i -

cost:USDollar cost:USDollar | {01} {{costMOEConstraint} costMOE = cost/35 + 14,28}
+— |t {{durabilityMOEConstraint} durablityMOE = durability/400 - 5}
{I3} {{torqueMOEConstraint} torqueMOE = 5.7698%torque - 20,30}

s Alrie durability:Real

durability:Real M
0
torgue:Foot_Pound
torque:Foot_Pound

« Attt i Propertys

hp:Horsepower hp:Horsapower itsTorqueFromHP_RPM
Constraints
{0} {{torqueConstraint} targue = hp/rpm™5252}
{0} {{rpmConstraint} rpm >0}

<Attriatze

rpm:RevPerMin
rpm:RevPerMin
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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

i
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Parametric Constraints Constraint

Block

] | «ConstraintBlock» /
Constraint AreaOfACircle Area:Real
nNname
\ Constraints —

Shown on a Block {11 {{constraint_name} Area = pi * r"2/2}

Definition Diagram {0} {{pi_constraint} pi = 3.14159265}
Constraint ConstraintParameters _
PRI — > | % |Area:Real [ r:EEaI Constraint
o Parameter
X r:Real
1 «ConstraintProperty» Area:Real
itsAreaOfACircle:AreaOfACircle —~ _
: Constraint Property
Shown on a N Constraints
Parametric Diagram {0r {{constraint_name} Area = pi * r*2/2} I
{09} {{pi_constraint} pi = 3.14159265} L

i
L m
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Specifying Parametric Constraints

These are defined in
property definition

~ dialogs, available for
all model elements.

«ConstraintBlock»
AreaOfACircle

Constraints

1[1f {{constraint_name} Area = pi * r*2/2}
101+ {{pi_constraint} pi = 3.14159265}

Constraint Parameter : Area in AreaOfACircle

General Description  Relations Tags  Properties

Name: |Area

Stereotype: |

Type: | <> Realin SysML::Standard Valus Types

Conjugated

Muttiplicity: |'I
Directi
O Input (® Output (O Bi-Directional
.........

Locate oK Apply J

ConstraintParameters r:Real
X | Area:Real
0¥ | r:Real
A Constraint Parameter: rin AreaOfACircle L x |
- General Description Relations Tags  Properties .
|| Label.. Name: Ir || Label..
Vl @I{P&I Stereatype: | v|@|&|
i | =] Type: | <> Realin SysML::StandardValue Types ~ | B
Conjugated
™~ | Multiplicity: |1 ~ |
Direction:
® Input (O Output (O Bi-Directional
h Ado. 1 N
| Locate oK Apply J

MITRE DE Platform
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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

MITRE DE Platform

par [Package] runMoveTradePkg [Run Belt Drive Trades)

¢Corwumv
SpeedDemonRMObjectiveFunction
Constraints
{0} {{ObjectiveConstraint} totalWeightedScore = costMOE*0.4 + durablityMOE™0. 2 + torqueMOE™0. 4}

totalWeightedScore:Real |
costMOE:Real durabilityMOE:Real torqueMOE:Real
costMOE:Real dlabiw:Real wm:Real
«Block» 1 «__nstraintProperty»
SpeedDemonRMBlock RunDriveCP
Constrants
‘w"l 2 cost:USDollar | 100} {{costMOEConstraint} costMOE = -cost/35 + 14.28)
10} {{durabiityMOEConstraint} durabilityMOE = durabiity/400 - 5}
{0} {{torqueMOEConstrant} torqueMOE = 5,7638*torque - 20.30}

«AltrtLes durabikty:Real

durability:Real
torque:Foot_Pound
torque:Foot_Pound

«AlrOLes 1 «Cond  intProperty»

hp:Horsepower hp:Horsepower itsTomeFrom_RPM
A Constraints
10} {{torqueConstraint} torque = hp/rpm=5252)
{0} {{romConstraint} rpm>0}

“Attibitee

rpm:RevPerMin
rpm:RevPerMin

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Parametric Diagrams (simple example)

par [Package] ParametricsPkg [Another Parametric Diagram]

wConstraintBlocks= . :
a:Meter VolumeOfACube vol:CubicMeter
! . «Constrail_ jocks
b:Meter Constraints wolume: CubicMeter VolumetricMass mass:Kilogram
I} {fvConstraint} volume = a%b%c;} -
Mete density:KilogramPerCubicMeter o Consiraints
. c:Meter O fcon} mass = volume * density;}
Blocks can contain ‘ *
Constraint Properties ==
Cube0stuff

=\ ahePrapatys

sidel:Meter
«Efdw’n.p:ﬂ';p'o
aMeter [ e ——— howBig:CubicMeter

T itsVolumeOfACube:VolumeOfACube

W aluefraperty= |
side2:Meter ' Consiraints volume:CubicMeter

b:Meter
{0} {fvConstraint} volume = a*b*c;}
c:Meter |
W alePrapertys
side3:Meter
vol:CubicMeter
1 wiConstraintProperty —‘ . «Vﬂm’rwwolﬂg
i i 3 owMuchMass:Kilogram
. . . - ;:;::;:Ehgram density:KilogramPer CubicMeter itsVolumetricMass:VolumetricMass mass:Kilogram
Fix input to density —
{01} ffcon} mass = volume * density;}
calc

F F
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Parametric Diagrams (more complex example)

D

1

[

=
jliurm

par [Package] PuleyPkg [Piston Force displacement]

1 «ConstraintProperty»
InputFlow flow:Real CalculateAirVolume

Condraints

«ConstraintBlock»
PistonForceDisplacement

al «ConstraintPropertys

CalculateDisplacement

av:Real vol:Real
Constraints

AVConstraint} av=fow*Time . . .
Time:Second Time:Real (B Y ¥ 10 {{deConstrant} deplacement=vol surfaceArea}
et surfaceArea:Real
£ ]
1 «ConstraintProperty»
PistonSurfaceArea:AreaOfCircle
PistonDiameter:Meter Digmeter-Meter
Congraints
11} {{constrant_0} CrceArea=P¥Diamter™2/4} CrrdeArea:Area
surfaceArea:Real
1 «ConstraintProperty»
CalculateForce
inputPressue:Real pressue:Real Condraints
|[1} {{forceConstran} force=pressure*surfaceArea} force-Real

M ITRE D E Pl‘atfﬂ rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

displacement|

outputDisplacement:Meter

outputForce:Newton
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Parametric Diagrams (trade study example)

pr [Package] ChapterPig [Trade Study PD)

“Varabie

“Varatias
COST_UPPER_LIMIT:Real=250.00 VOLUME_UPPER_LIMIT:Real=15.0

Alternative

case values

Varaber

MONTHS_UPPER_LIMIT:Real=120

/ ?DS\MR'JM:R“: u(:«r;vg,m’n‘lm:nu VOLUME_UPPER_LIMIT:Read
Pﬁ;u "":""‘“”orm"‘
“Asrbuter i {0} {{costConstrant ) COStMOE = IOC'T;::COST_UPPER_MT)) -
cost:UsDollar COSUSDORN | 11 (iteConstrant) MetmeMOE = 10*(Wetime/MONTHS_UPPER_LIMIT)) Nomalized utility
=T ok ((vdumeConstrant) volumeMOE = 10°(1-volume/VOLUME_UPPER_LIMIT)) cunes
This Pacemaker block —ca— SR
has attributes
e cost i
« deviceLifetime SN | | v
* volume onenet semens ——— Optimization
objective

This block is special- | \ / o I 'Mml — | o
purpose, created for this , ] Gojctnn it
analysis e Grsroces weights

{00} {{Objectivefunction) OveralScore = COSIMOE * 0.4 « IetimeMOE * 0.4 « voumeMOE * 0.2)

i
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Parametric Diagrams (trade study example)

| bdd [Padkage] Chapter6Pkg [ Pacemaker Alternatives] |

Instance specifications of PM_1:Pacemaker PM_2:Pacemaker PM_3:Pacemaker
InstanceSots InstanceSkts InstanceSits
Pacem aker BIOCk B cost:uSDollar = 150 i cost:USDollar = 110 B cost:UsDollar = 250
I devicelifetime:Month = 100 I devicelifetime:Month = 80 B devicelifetime:Month = 120
B volume:CC = 9.8 = volume:CC = 6 = volume:CC = 15
/ N\

/ N

. N\

I} volumeConstraint _ Constraint Y
PacemakerObjectiveFunc PacemakerObjectiv... : ”
@ costMOE Real 0 ©} volumeConstraint ~ Constraint volumeMOE ... volumeMOE ..,
E lifetimeMOE Real 10 PacemakerObjectiveFunc PacemakerObjectiv...
x| costMOE Real 4
] volumeMOE Real 0 ] lifetimeMOE Real 83333333333...
] Overaliscore Real 4 ] volumeMOE Real 34666666666...
oS UbjectiveFunction Constramt UVEralScore ... Uveralscore .. E] OveraliScore Real 5 5266666666...
, v ObjectveFonction—~ Constraint OveraliScore . OveraliScore ..
©) volumeConstraint  Constraint volumeMOE ... volumeMOE ..
{/} PacemakerObjectiveFunc PacemakerObjectiv...
fx] costMOE Real 5.6000000000...
fx] lifetimeMOE Real 6 6666666666...
x| volumeMOE Real 6
E] OverallScore Real 6.1066666666...
©) ObjectiveFunction  Constraint OveraliScore .. OveraliScore ...

See Trade Studies with Rhapsody and SysML at
https://www.bruce-douglass.com/presentations for more detall

(s
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Computation not

Anti patterns Invalid expression

relevant to inputs

as constraint

«ConstraintBlock» «CongtraintBlock»
SomeMath SomeMoreMath
Parameter is bein - a:Mole -
g Constrain, ‘ Constraints
treated as an input, [H{const1} a+bi(c+} {liH{c1} out = 1/in}
but is defined as e
an output > .
P in1:0MString out:Kilogram in:OMBoolean out:OMString
Incompatible types
Constraint Parameter : inl in SclmeMath - n

General Description Relatic/‘rs Tags  Properties "
Name. - 1 «ConstraintProperty » 1 «ConstraintP roperty »

e I I | __LabEL“ itsSomeMath:SomeMath itsSomeMoreMath:SomeMore
Sterectype: | I v| LSB| ue,|
Type: OMStrinf =] atMole in:OMBoolear]

Conjugated

Muttiplicity: |1 * w |

Direction:

() Input (®) Output () Bi-Directional

inl: i t:OMStri

Advanced in1:OMString out:Kilogram ou ing

Redefines:
Locate oK «ValueProperty»

x:double=0.334

Incompatible types

Parameter not

—>
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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

i
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Parametric Diagram Checklist

4 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

1 Are the constraint blocks and constraint properties appropriately named
d Is the purpose of the parametric diagram clearly stated

i
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Exercise: Evaluate the following Parametric Diagram

|dentify 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 = inputl * input 2
and
* OR =inputl + input2 — inputl*input2?

Does this parametric diagram
properly compute that?

par [Package] paramspkg [LogicalParam)

«ConstraintBlocks
OR_Gate

Constraints
{1 HIOROUtpUf output = input! + input2 - input{*input2}

inputi:Real

butl:Real input2:Real output:Real

«ConstraintBlocks=

AND_Gate

«\aluePropertys
result:double

output:Real

Constraiits
{03{{ANDOUtpuE} outpuE=inputd * nput2;}

«ConstraintP|_ lerty»
ORGatel:0R_Gate

Constraints

{03 {OROUtpU} ouput = input! + iNput2 - input Finput2}

output:Real

inputi:Real
output:Real

«ConstraintProperty»
ANDGatel:AND_Gate

Covsirants

{03 {ANDOUtPUE} cutput=nputl * inpue2; -

input1:Real

«ValueProperty»

«ValueProperty» x:double
y:double=.799

i
DF:
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=0.334

input2:Real ‘

«ValueProperty»
z:double=.118
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Basic Tables &
Matrices in SysML

Traceable Dependencies

Trace Matrices
Checklists

i
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Table vs Matrix

 Atable 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

« Amatrix 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

i
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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

i
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Example: Requirements Table

PP {[Ep e AddNew T AddNested s AddExisting.. 17 Delete ' RemoveFromTable BT - Unnest +/7 Nest 8, Columns | [E] Bxport ElReport ] - (@ (¥ - a IE-IQ
Criteria
Scope (optional): | Customer Requirements Pkg Filter: |

# Name | d | Text

[ I a b I e S re p O rt O n i [rl 650 Req802 60 In most situations, the sensors positions are controlled by the CMPCS but may be automatically controlled for automated search missions.

Once located, the missile homes in on the reflected laser light. This operational mode requires the CUAV to maintain the laser designator on target until the missile reaches its target, so a single

2 (& 77 Rea912 77 target can be fired upon at a time.

e | e m e n tS Of a 3 [Rl 14 Reg101 14 Each control station shall consist of two manned substations - one for controlling the CUAV and one for monitoring and controlling payloads.
4 [’l 30 Reg303 30 The CUAV shall be able to fly reliably in inclement and low visibility weather;
5 [Rl 17 Req104 17 Stable flight mechanics shall be managed by the aircraft itself but this can be disabled for remotely controlled flight.

CO m m O n typ e 6 [’ 19 Req704 49 A single CMPCS can control up to 4 CUAVs in flight with cne station per CUAV.
7 [ 16 Req103 16 Control of the aircraft shall_ consist of t_ransferring navigational commands wh_ich n_1ay_be simple (set altitude, speed, direction), operational (fly to coordinate set, orbit point, execute search pattern,

- - etc), planned (upload multi-segment flight plan) or remote controlled with a joystick interface.
WI t h I n a 8 (& 38 Reqs02 18 If the M_experiences an unexpected loss of communi:_:atigns wit_h its CMPCS in excess of 60 minutes, it can abort the mission and perform an automated return and landing. This is meant to
decrease incidence of UAV loss due to ECM and communications failures.
9 [l 82 Req1002 82 The control datalink is an encrypted secure low-bandwidth datalink that supports vehicle and payload commands and status information.
1 f 1 d 10 [rl 73 Req908 73 The missiles attach to the CUAV on firing rails mounted on pylons, allowing two missiles to be mounted on each wing.

S p e C I I e S C O p e Once the CUAV has located the target and the CMPCS has given the command to release, the missile maintains radar lock on the target. This allows the CUAV to fire and mask, or to seek other

1 (& 79 Reqo14 79 targets while the missile flies to its target.

The CUAV shall support up to 4 separate targets to be fired upon in rapid succession.

® C O I u l I I n S S h OW 12 [rl 55 Req710 55 In addition to the ATR, the payload operator can add targets visually identified from recennaissance data or gather from other sources.
13 [Rrl 33 Req311 33 The UAV shall be able to take off and land using autonomous or remote piloting.
th e V E l'I u e S - Preplanned reconnaissance

Beyond flight modes, CUAV shall be designed for highly flexible mission parameters. Normal mission modes include:
d iffe re nt - Remote controlled reconnaissance

14 (&l 43 Req600 43 - Area search

properties of the

- Orbit point target

m - Attack
e I e e n tS Wlth I n 15 [rl 44 Req601 44 A mission can consist of any number of sequential sub-missions each operating in a different mission mode, depending on the current payload.

16 [l 71 Req905 71 The missile shall be able to defeat reactive armor and successfully deploy in adverse and hazy weather.
th e tab I e 17 (Rl 7 Req007 7 Control commands shall be encrypted while telemetry data can be compressed but unprotected.
18 (& 4 Req004 4 While controllable from the ground station CMPCS, it is also capable of flying complex flight plans with specific operational goals of systematic area search, ground route (road-based) search, and

orbit surveillance of peint targets.
19 [’l 64 Reg807 64 The daylight variable aperture or the infrared electro-optical sensor may be operated simultaneously with the synthetic aperture radar.
The system shall be able to detect and correct all single and dual bit errors and detect multiple-bit errors with a reliability of 0.9994.

20 (Rl 84 Req1004 84
The high speed data link is used for transmission from the CUAV only and is meant to include real-time telemetry, reconnaissance and surveillance data.
In a high ECM environment, data rate shall be 320x200 at 15 fps for optical and FLIR imaging. SAR data shall be supported as single frame images (640x400) transmitted at a rate not exceeding
6 21 [®l 86 Req1007 86 1 fps.
22 [®l 42 Req506 42 When flying in environments where fewer than 3 GPS satellites will be visible, the CUAV shall have an on-board altimeter as well.

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

# ‘ Id | £ Name | Text | Derived ‘ Derived From
1 1 [Rl 1 Stakeholder Req 1 The patient shal receive enough oxygen to sustain life for patients ranging from neonates to full adults in size and mass.” [’ 2 System Requirement 1
The system shal deliver oxygen from 50 ml/minute to 1,500 ml/minute settable in 1 ml increments [®l 3 Gas Supply Requirement 1 [Rl 1 Stakeholder Req 1
[&l 4 Gas Supply Requirement 2
2 2 [Rl 2 System Requirement 1 [®l 5 Gas Supply Requirement 3
[Rl 6 Gas Mixer Requirement 1
[’ 7 Gas Mixer Requirement 2
3 [Rl 3 Gas Supply Requirement 1 |The Gas Supply Subsystem shal be provide flows of from 0 to 1500 ml/min of 02 [’ 2 System Requirement 1
4 4 [Rl 4 Gas Supply Requirement 2 | The Gas Supply subsystem shall provide flows of from 0 to 7500 ml/min of Air [&l 2 System Requirement 1
5 [Rl 5 Gas Supply Requirement 3 |The Gas Supply subsystem shall provide flows of from 0 to 6000 ml/min of N2 [Rl 2 System Requirement 1
The Gas Mixer subsystem shal mix gases to deliver flows between 50 and 7500 ml/min of mixed gas. [’ 11 GM ME Requirement 1 [l 2 System Requirement 1
[’ 12 GE ME Requirement 2
6 6 [Rl 6 Gas Mixer Requirement 1 [®l 10 GM EE Requirement 1
(&l & GM SW Requirement 1
[&l 9 GM SW Requirement 2
[Rl 7 Gas Mixer Requirement 2 The Gas Mixer subsystem shall only deliver gas flows of at least 21% 02 concentration. [’ 2 System Requirement 1
[Rl 8 GM SW Requirement 1 The software shall raise an alert if a commanded flow is less than 21% Q2. [l 6 Gas Mixer Requirement 1
9 (&l 9 GM SW Requirement 2 The sofware shal raise an alert if the total commanded 02 flow is outside the range of 50-7500 ml/n [Rl 6 Gas Mixer Requirement 1
10 10 [l 10 GM EE Requirement 1 The electronics shall control the gas supply valves to ensure gas flow is within 1% of commanded value [’ 6 Gas Mixer Requirement 1
111 [& 11 GM ME Requirement 1 E;Lf;inmzshlaé}niéﬁ;v;giS?Jr;;he gas mixer manifold shall support openings that deliver a range of 0 (completely closed) to 10,000 [’ & Gas Mixer Requirement 1
12 |12 [Rl 12 GE ME Requirement 2 The mechanical gas manifold shall support input from 4 gas supplies simultaneously. [l 6 Gas Mixer Requirement 1
13 13 El [Rl 13 RAReq1 The system shal move the robot arm in compliance with user command
14 131 [Rl 13.1 RAReq?2 The system shal move the robot are in compliance with user command in the range of — 30 degrees and + 45 degrees.
The system shal move the robot arm in compliance with the user command with an accuracy £ 0.1 degrees (accuracy is precision of
15 13.2 [Rl 13.2 RAReq3 the output)
16 13.3 [Rl 13.3RQReq4 The user shal be able to specify the robot arm position to within 0.05 degrees (fidelity is the precision of the input)
17 [13.4 [rl 13.4RAReq5 The system shal move the robot arm to the specified position within 300ms
18 1135 [@ 13.5RAReq6 The system shal reject movement commands that are outside of the allowable range and raise a Caution Alert.
19 136 [& 13.6 RAReq7 The system shal raise a Warning Alert if the required accuracy or timing of the robot arm movement is not compliant upon completion

[

Sk

of movement.
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Data Schema Table

Criteria
Element Type: | Value Property Scope (optional): | Logical Data Schema Pkg Filter: | "~
= Cwrner Name Type Applied Stereotype ‘ & extent ‘ & low value ‘ & highvalie | & ’“a"‘m:e";;‘::“ ™| & o prohibited values | & scale of acouracy | ¢ scale of fidelity | < scale of precision
ValueProperty [Froperty]
1 [= Computed Performance Data acceleration acceleration[kilometre p... N 0 65000
+» tempered f]
2 [= App Account Data account name String ValueProperty [Froperty]
3 = App Account Data applD String ValueProperty [Property]
ValuePr [Property]
4 [= rideSession average power power[watt] aue rup?rty repErt 0 2000
«» tempered [Elemen
ValueProperty [Pro
5 & Computed Performance Data average power power[watt] perty | 0 2000
«» tempered
Valuepy [
6 | RideSession average speed speed(kometre per hour] |0 "AUEProperty [ 0 300
¥ tempered
) ValueProperty [
7 & computed Performance Data averaging interval time [second] 0 10
tempered ]
ValueProperty [Froperty]
8 |[= computed Performance Data burned calaries Kilocalorie - N 0 1000000
«w tempered [Element]
ValuePr [Property]
9 = computed Performance Data cadence RPM aue rup?rty N J ° 0 300
== tempered [¢ t]
N ) ] ValueProperty [ vl
10 & Computed Performance Data distance distance [kilometre] - 0 5000
> tempered [F
ValueP [Prog
11 [ RideSession elapsed time period duration[second] alueProperty | 0 2000000
tempered [E
12 | ridesession ending time Date Time ValueProperty [
Valuerr [
13 |E Bike settings front gear UnlimitedMatural alueProperty 1 12
tempered ||
Valuery [
14 [ rider Personal Data fip Watts per Kiogram [0 Valuef roperty 0 5
% tempered [E
15 = RideSession D UnlimitedMatural ValueProperty [
Valuery [
16 |[= Measured Performance Data incline Degrees of Arc alueProperty | -20 20
3 tempered
ValueProperty [/ ty
17 |[&] Bike Settings indline Degrees of Arc -20 20
== tempered [¢
18 | Rider Login Data number of accounts nteger ValueProperty [
19 [ Ride History number of sessions UnlimitedMatural ValueProperty [
20 (2 Bike Settings operational mode [El Resistance Mode ValueProperty |
21 = App Account Data password String ValueProperty [Froperty]
ValuePr [Property]
22 [&] Measured Performance Data pedal position plane angle [radian] aue rup?rty repErt 0 6.2832
== tempered [E
ValueProperty [Pro
23 & Measured Performance Data power power[watt] perty | 0 2000
a» tempered
Valuepy [
24 & Bike Settings rear gear UnlimitedMatural [ ValueProperty | 1 12
¥ tempered t]
25 [ rider Personal Data rider name String ValueProperty [Frop
Valuery [Pr
26 & computed Performance Data speed speed[klometre per hour] = rop?rtv N 0 300
% tempered [E ]
27 = RideSession starting time Date Time ValueProperty [Fropes
ValuePy [Prope:
28 [ RideSession total calories Kilocalorie alueProperty | N 0 100000
% tempered t]
[¥] ValueP [Property]
29 [=] RideSession total distance length[kilometre] [ ValueProperty | J - 0 5000
+» tempered f]
ValueProperty [Property
30 & Computed Performance Data wats per kg Watts per Kilogram 0 0
== tempered
ValueProperty [Pro
31 [ Rider Personal Data weight mass[kiogram] perty | 0 500
¥ tempered
32 [ Rider Performance Data when measured Date Time valueProperty [

DE:

=

MITRE

DE Platform

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

d Is the right layout selected?

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

O Is the depicted set of metadata appropriate to meet the objective of the view?
O Is the context (set of packages) appropriate to meet the objective of the view?
4 Is the table readable?

4 Is the data in the table actually correct?

1 Does the data in the table conform to your modeling standard?

i
DF:
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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

i
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Connect Work Products with Traceability Links

Benefits
* Requirements: Helps ensure requirements are met and verified

* Risk: Lowers project risk . _
Different kinds of model elements

* Audits: Creates an audit trail ) ) i )
to potentially include in trace matrices

« Consistency:

— Ensures consistency among work products N %Qp \*%??
. » o
— Helps manage consistency over the long term Q{\@ %e? 5 6\\}‘ sz}* \?3\'2’
Q& O‘b . ®$ Q_@ Y s\\%
N ot S & S
& o\ <& o\ c® e

19 /]

Justification:

Why is this design element here?

ES
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Requirements Trace Matrix

« Matrices show specified kinds relations between sets of elements of different
types from different scopes (packages)

Criteria
Syste m Row Element Type: | Requirement ... | Column Element Type: | Requirement Sta ke h (@) I d (218
Row Scope: | System Requirements Pkg Column Scope: | Customer Requirements Pkg C usto m e rs
Dependency Criteria: | Trace .. | Direction:  Both w Show Elements: | With relations ~
Legend B[] customer Requirements Pkg : e
: : L= B I ¥ B Vs = [ = = Ty ] = =T Ty = R o B o [=] [ = -]
(W} m n = = O O [=] L e o . == R o] [=] (=D = = [=] [ =T =]
[=] [=] o O O = - — — 0 0 U = M~ & v g O — —
[=] [=] [=] [=2 o o o o o o o o o o o o o o o o o o
o o oTo@ LE) L] LEl LE) L] L i) LE) L] LEl LE) L] L] LE) L] LEl LE) L] L]
O 0 0 o o o & @ o of o0 o o0 o o of o o0 o o o o
A R R = R . I - =T AT
T T <« B e R = s (R < TR T o T 1 A e TR~ S (oS S MR S« Y v
E--D System Requirements H i/2 1 131 3|3 2 1161|113 4 1|28 2 1
...[B] 29 SysReq001 1 A
..[B] 90 SysReqo0z2 1 Vs
...[B] 94 SysReq00& 1 A
..[B] 95 SysReqO07 1 s
..[R] 96 SysReql00 i A
..[’] 97 SysReql0l i A
..[R] 95 SysReqld2 i A
..[®”] 103 SysReqld7 3 A A A
.[B] 104 SysReq103 2 Va A
..[R] 105 SysReqlds i A
..[B] 106 SysReq110 1 A
..[R] 107 SysReq111 1 A
..[B] 109 SysReq112 2 A A
..[R] 110 SysReql13 2 A A
..[R’] 1115ysReqlls 4 A A A A

o
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Trace relations between Stakeholder and System Requirements
 Empty columns indicate the absence of system requirements for a stated

stakeholder need

Criteria

Regquirement

Column Element Type:

Requirement

Row Element Type:

Customer Requirements Pkg

Column Scope:

System Requirements Pkg

Row Scope:

Al

Show Elements:

Both

Direction:

Trace

Dependency Criteria:

B[] Customer Requirements Pkg

a00Tbay S8 [
pooTbay va [

- E00TDRY £8 ]
- Z00TbaY 20 [E]

1001bay 18 [@])

- (00TbEY 08 [E]

~ #1603 6/ ]

116bay 9/ [E]
o1ebay 52 €]
e0ebay ¢/ [@]
-~ B0EbaY £/ [{]
~90EbeY 2/ @]

soebay 11 ]
- p0EbaY 0/ [{]
-£06baY 69 [E]

zogbay 29 [

T0ebay /9 [
--006bay 99 [E]
--g0gbay 59 [E]
£osbay p9 ]
sosbay £9 €]
bosbay 20 [
£0sbay 19 [
zogbay 0o [@]
-108bay 65 [E]
--o0gbay o5 [E]

Zicbay i5 @]
~11¢bay 95 []
-01£bay 55 @]

60202y 45 ]
~g0sbay £5 [
- 2025 25 []
-a0sbay 15 [E]

sozbay 05 @]
- b0zbaY 61 [E]
~E0/b%Y ok [1]

Zozbay iy [
- T0sbey 9y [{]
-00bay st [E]

Tosbay vi [

oogbay £ [{@]
~90SbeY 2k [@]
--5osbay 1t ]

bosbay oy [
~£0SbaY 62 [E]
- Z0sbay ac [{]

Tosbay /£ [

oosbay 9c @]
~GOpbaY 52 [@]
-Z1Ebay b2 [E]

T1gbay c& [
~01gbay 28 [

~$0ED=Y 1€ ]

£0ebay 0[]

~zogbay 62 [{]
~0DEbeY 0z [
-p0zbay /7 [E]

cogbay 9z [@]
zozcbay 52 ]
Tozbay +2 [
oozbey £ @]

~60bay 2z [{]
~BOIbRY 12 [@]
- L0102 07 [@]

sorbay 61 [{@]

~GOIbaY 21 ]
~$0IbY /1 [iT]

0rbay 91 ]

~g0ibey 51 [{]
-~ 10102y +1 [@]

ooTbey £1 [@]
ziobay 21 @]
T1obsy 11 [
otobay 01 []
w00bay 6 [{]

~~800beY & [E]
- £00DEY / [H]

a00bey 5 [E]
s00bay 5[]

- pO0DEY b [E]
- £00bEY €[]

Zoobay 2 [{@]

1008 1 ]

w T

i EE R

2

L
1

b

NN

1
L
1
L

NANNNN

3
2
L
1
L

NN

NNN

NN

NN

2
2
P
2
2

L

Y AANLNLN

L
1
L
2
1
2
2

Legend

A Trace

2 SysReq001

-[& 90 SysReq002

-[®
<[’

SysReq003

~[B] 97 SysReqo04
[E 23 SysReqoos
~[B] 24 SysReqd0&

5 SysReqd07
0 SysReql100
7 SysReq101

SysReq102
2 SysReq103

@& oo ¢

=
o
o
-4
]
2
@

SysReq106

SysReql07
SysReql10
SysReql1l

SysReql12
SysReq115
SysReqlle

[E 115 SysReq120

SysReq122
SysReql23

SysReq124
) SysReq200

-[8] 121 SysReq201

SysReq202
5 SysReq206

-[E 126 SysReq207

122
12

=
-[®’ 1
@1
=

E-[J System Requirements F|
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Example: Use Case — Requirements Trace Matrix

[] AirSurfaceControlSystem... X |

From: UseCase Scope: AirSurfaceControlSystem

E ﬂStart UpReg_0

E ﬂStart UpReqg_1

E ﬂStart UpReg_2

[1 7] StartUpReq_3

E ﬂStart UpReq_4

E ﬂStart UpReg_5

[( 3] StatUpReq_6

[ ]| SafetyReq_350197
[[ ]| Safety_Req_330138
[( 3] Safety_Req_350153
[[ ]| Safety_Req_330200
[ ]| Safety_Req_330201
[1 3] Safety_Req_350202
[[ ]| Safety_Req_330203
[ ]| Safety_Req_330204
[ ] Safety_Req_350205

MITRE DE Platform

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

", StartlUpReq_0
", StartlpReq_1
., StartlpReq_2
", StartlUpReq_3
., StartlpReq_4
., StartlpReq_5
., StatlpReq &

Ei 2 Shut Down |(:) Manage Power |D Update Status | Corfigure System [ Manage Data | Start Up 2 Control Air Sufaces
== uil‘—“““”m-l_r—d ~y CITarfeq_&3
& | [ 1] EmorReq_30 “., EmorReq_30
£ |[[ ] EmorReq_31 ., EmorReq_31
5 [1 3] EmorReq_32 “., EmorReq_32
5_ [ 3] EmorReq_33 ", EmorReq_33
[[ ]| EmorReq_34 ", EmorReq_34
& |[L]EmorRea_35 "\, EmorReq_35
ﬁ [ ] EmorReq_36 ", EmorReq_36
e [ 3] EmorReq_37
o EﬂCunﬁgHeq_ﬂ
= EﬂCcnﬁgHeq_'l
g |1 ]|ConfigReq_2
= [ 7] ConfigReq_3
‘;,E [ j]CtherReq_0
[ j]GtherReq_1

", SafetyReq_350157

", Safety_Reg_350138
", Safety_Req_3%0155
", Safety_Req_350200
", Safety_Reg_350201
", Safety_Req_350202
", Safety_Reg_350203
", Safety_Req_350204
", Safety_Req_350205
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Matrix Checklist

d Is the right layout selected?

 Is the purpose of the matrix understood?

4 Is the set of source elements appropriate to meet the objective of the view?
4 Is the set of target elements appropriate to meet the objective of the view?
d Is the set of relations shown among those elements appropriate?

U Is the context (set of source and target packages) appropriate to meet the objective
of the view?

O Is the matrix readable?
4 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?

ao«
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Th an k YO U R T oson . Bruce Powel Douglass, Ph.D.

PATTERNS

ROBUST SCALABLE ARCHITECTURE

BRUCE POWEL DOUGLASS

Real-Time Agile Systems and
i) Software Development
— \Welcome to www.bruce-douglass.com

T—

Agile Model-Based AGILE SYSTEMS
Systems Engineering

ENGINEERING

ng proven recpes for

ey v 4

R. ) b Bruce Powel Douglass You've found yourself on www.bruce-
EAL Tivie UML douglass.com, my web site on all things
Tuirp Eprtion :

ADVANCES IN TrE UML FOR
REAL-TIvE SysTEMS

real-time and embedded.

On this site you will find papers,
presentations, models, forums for questions
/ discussions, and links (lots of links) to areas
of interest, such as
¢ Developing Embedded Software
¢ Model-Driven Development for Real-
Time Systems
¢ Model-Based Systems Engineering
e Safety Analysis and Design
e Agile Methods for Embedded Software
e Agile Methods for Systems Engineering
¢ The Harmony agile Model-Based
Systems Engineering process
e The Harmony agile Embedded Software
Development process
¢ Models and profiles I've developed and
authored
e List and links to many of my books.

Bruce Powel Douglass, Ph.D.

Bruce Douglass, Ph.D.

bdouglass@mitre.orq

@IlronmanBruce

https://www.linkedin.com/in/bruce-douglass-phd/
Eﬁ:ﬁ;‘, M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

FOR REAL-TIME SYSTEMS Content Services Public Interest Blog What's New Forum About Comments Site Map Geekosphere Members

REAL-TIME UML
WORKSHOP FOR
EMBEDDED SYSTEMS

Bruce Powel Douglass

Agile Product
Development

DUMMIES

d
Bruce Powel Douglass.

D o Haro Tve
DEVELOPING REAL-TIME
Systems wirh UML, OrjEcTs,
FRAMEWORKS, AND PATTERNS

\A'
DESIGN PATTERNS ror
EMBEDDED SYSTEMSin C

An Embedded Software Engineering Toolkit
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Knowledge
Assessment

ON YOUR OWN TIME

Review diagrams representing a
system and respond to

guestions about its content and
meaning

ES
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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

i
E’E;—. M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Diagram types (Listto 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

pppppp

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Knowledge Assessment 1

A
FS

All diagrams in this
Knowledge Assessment
come from the same
model.

BEi MITRE DE Platform

pkg [Fackage] 0 Model Overview [ Model Overview Diagram ])

Acme Microwave

"We're always cookin' .... for you

1 ReqsPkg

HE %o =

Reqs Table Use Cases System Reqs

2 StructurePkg

-- vl

Microw ave Structure BDD Microw ave Oven IBD

o

Controller State Machine

4 ParametricsPkg

Param s Blocks BDD Lets Cook par
3 Interfaces Pkg
Interface Definitions BDD

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

i
Eﬁﬁ; M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Knowledge Assessment 2

req [Package] 1 ReqsPkg[ System Reqs ])

«requirement»
Req 1

«requirement»
Req 2

«requirement»
Req 3

Id="1"

Text ="The cook shall be
able to set the power level
from 1 to 10, where 1 =
150W delivery and 10 =
1500W delivery."

Id ="2"

Text = "The cook shall be
able to set cook time in
minutes from 1 to 10 with a
single key press."

Id="3"

Text ="The cook shall be
able to set cook time in
mm:ss where ss is seconds
in the range of 0-59 and mm
is minutes in the range of 0
to 99."

«requirement»

Id="7"

Text = "If the door is opened
during cooking, the
microwave emission shall
halt and the cooking time
shall pause. "

«requirement»
Req 4

«requirement»
Req 5

«requirement»
Req 6

«requirement»

Id="4"

Text = "The system shall
alert when the cook timer
has elapsed."

Id ="5"

Text = "The system shall
only emit microwaves if the
door is closed."

Id = Il6ll
Text = "Cooking may only
begin if the door is closed."

Id ="8"

Text = "The Cook shall be
able to resume paused
cooking with a single
keystroke but only if the
door is closed. "

«requirement»
Req 10

«requirement»
Req 11

«requirement»
Req 12

Id="9"

Text = "The cooking shall
start quickly after the cook
button is pressed.”

Id="10"
Text = "The microwave oven
will be stylish and attractive.”

Id="11"
Text = "The system won't be
too heavy to carry.”

DE:  MITRE | DE Platform
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Questions KA 2

1. Whatkind 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

i
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Knowledge Assessment 3

Cruer a
Scope (optional): | 1 ReqsPkg Filter: | I/

# A Name Text
1 [Rl 1Req 1 The cook shall be able to set the power level from 1 to 10, where 1 = 150W delivery and 10 = 1500W delivery.
2 [Rl 2Req 2 The cook shall be able to set cook time in minutes from 1 to 10 with a single key press.

The cook shall be able to set cook time in mm:ss where ss is seconds in the range of 0-59 and mm is minutes in the

3 (&l 3Req 3 range of 0 to 99.

4 [Rl 4Req 4 The system shall alert when the cook timer has elapsed.

5 [Rl 5Req 5 The system shall only emit microwaves if the door is closed.

6 [R] 6Req 6 Cooking may only begin if the door is closed.

7 [R] 7 If the door is opened during cooking, the microwave emission shall halt and the cooking time shall pause.
8 [Rr] 8 The Cook shall be able to resume paused cooking with a single keystroke but only if the door is closed.

9 [ Rl 9Req 10 The cooking shall start quickly after the cook button is pressed.

10 [Rl 10Req 11 The microwave oven will be stylish and attractive.

11 [R] 11Req 12 The system won't be too heavy to carry.

[
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Questions KA 3

1. Whatkind 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

i
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Knowledge Assessment 4

uc [Package] 1 RegsPkg[ Use Cases ])

Name: Time Durations

Purpose:

All the user to set a count-down timer for cooking and other
activities.

Precondition:

The system is on.

Postconditions:

% The system announced the elapse of the count-down time via
— " laudible alert.

Invariants:

The system constantly receives wall power.

Timer user

Time Durations

_/ —

Cook

X

Power Source

X

Viewer

Display Time of Day

i
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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
Cc) 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?
E’:;;Em;-. MITRE DE Pl‘atfurm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Knowledge Assessment 5

uc [Package] 1 ReqsPkg [ Cook reqs ]) et

«requirement»

Req 6
«requirement» Id="6" S
Req 5 Text = "Cooking may onl Sl
= be in_if the doo%' is cslfoseg " I =t cq=apened
Id ="3" g : during cooking, the
Text = "The system shall microwave emission shall
only emit microwaves if the i halt and the cooking time
door is closed.” | shall pause. "
AN | Ve
N /s
\ «trace» | e
t e
«requirement» \ irace» / « race; «requirement»
Req 4 N [ v
|d = "4" \ \ ’l P e |d = "8"
Text ="The system shall «drace» Text ="The Cook shall be
. <~ 4 «trace»
alert when the cook timer - - _ — =" — - able to resume paused
has elapsed.” cooking with a single
- VS keystroke but only if the
P - ~ door is closed. "
- / \ >
«tracei / \ ™~ _«trace»
P «trace» -
- «trace» / \ ~
«requirement» & ~ «requirement»
Req 1 / \ 3 Req 3
Id - ll1l| "‘ N - t Id - ll3ll
Text = "The cook shall be / «req;gen;en g Text = "The cook shall be
able to set the power level v 9 able to set cook time in
from 1 to 10, where 1 = «requirement» d="2 mm:ss where ss is seconds
150W delivery and 10 = Req 10 Text="The cook_sha!l be in the range of 0-59 and mm
1500W delivery." — able to set cook time in is minutes in the range of 0
Id="9 minutes from 1 to 10 with a t0 99"
Text ="The COOking shall Single key press_"
start quickly after the cook
button is pressed.”

[
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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) Tracesto 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

i
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Knowledge Assessment 6

--------- O Display Time of Day
--------- (O Time Durations

Legend =[] 1 RegsPkg
/" Trace
o ~J
(-] b o | b o |
i =~ ap) < L O i — —
(= o o o o o o (b (b
b Q Q Q Q Q 1)) o o
d &£ &£ &£ &£ & ~
i o~ o) I LM ({»] [ (va) (@)} — —
(1 4 (v (v (v (v (v (v (v (v (v (v
=] 1 RegsPkg 1 T T T T T B N
--------- O Cook Food 9O " )2 /2 2V 0 "

P{ﬁ; MITRE DE Platform
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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
Cc) 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
D) 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
Eﬁﬁ; M ITRE D E Plath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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(‘act [Activity] Cook Mean Activity [ Cook Mean Activity ] J

Knowledge
Assessment 7/

L

p
Open Door |

Turn on

Turn on Light [ —_

(T T

Carousel

|
| SN S S
| T e
Close Door | | | |
| |
at (after{3 — — — —| Turn on Emitter

minutes))

Set Power |
(50%)

Turn on
Carousel

T —_ — Turn off
| | Carousel
I
at (after(5

minutes))
— — — — — Turn off Light
L I

Turn on Emitter !

Turn on
Carousel

Turn off Emitter

Set Time (3
minutes)

MITRE | DE Platform

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




Questions KA 7

1. What kind of diagram is this? Select from the list.
2. Whatis its purpose of use? Select the best answer.

a)
b)
C)
d)
e)

f)

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

b)

Show microwave capabilities

lllustrate microwave parametrics

Show the behavioral flow for cooking food

Show microwave oven state behavior for cooking food
Describe structural design model types

Show system structural context

NoO mission statement comment

Wrong kind of arrow used

Unnecessary line crossing

Missing initial flow

Open Door activity can never start

Multiple flows exiting an action are not allowed

M ITRE D E Pl‘atfu rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Knowledge Assessment 8

bdd [Package] 2 StructurePkg[ System Context BDD ])

X

Power Source

«block»
Microwave Oven

parts
% panel : Panel
door : Door
Cook microw ave Emitter : Microw ave Emitter
carousel : Carousel

light : Light
controller : Controller

&

x

Timer user

Viewer

M ITRE | D E Platfo rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.




Questions KA 8

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

2. Whatis its purpose of use? Select the best answer.
a) Show microwave capabilities
b) Show the constraint blocks and elements related to the parametric analysis
Cc) 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) Worong relation used to actors
d) Poor actor choice
e) Not all actors are connected

DE: MITRE | DE Platform .o so rewrme consomsrion au morrssesssves.
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Knowledge Assessment 9

bdd [Package] 2 StructurePkg[ Microw ave Structure BDD ])
Micr:\?vlgzt»O\fen o ey
- Mission: Show the structural elements
) FEREHESD and their relations for the Microw ave
“View er Oven
microw ave Oven
_ _ «interfaceBlock»
microw ave Bitter iController_Panel
carousel = centions
«block» «block» press( id : ButtonUsage )
door Microwave Emitter carousel| carousel _ evValue( value - Real )
«proxy» E——— i light
«block» " B y flow properties operations
- -1 pEmitter : iDoorStatus in isClosed : Boolean turn() «block» «interfaceBlock»
O p— stopTurning() Light X
flow properties § Lo NS i iDoor Status
out isClosed - Boolean emit( pow er : pow er[watf] ) light tur;gﬁ?iﬂ“a flow properties
B signal receptions turnOff() out isClosed : Boolean
]L evOpen() signal receptions
pController - iDoorStatus evCiose() read evOpen()
KProxy » reqd evClose()
pDoor : ~iDoorStatus ~ pController - iEmitter_Cantroller
“proxy> “proxy» «interfaceBlock»
panel «proxy» «Proxy» «valueType» iEm i.tte r_Controller
ignal receptions
“proxy> Door - ~DoorStatus pEmitter - ~iEmitter_Controller ButtonUsage o
pController - ~iController_Panel R [ ] Button4 evOff()
[ ] «block» EaEni
«block» Off Button
«blocks» digitButton Button Controllgr cookButton
Panel flow properties pow erButton
10 ._ LS in isClosed : Boolean cancelButton
ow erButteon B utnn: T Button1
cookTime : time[second]{unit = second} gﬂgggg
= funit = w att
cancelButton pow erLevel : pow er[w att}{unit = w att} Button3
cookButton ) signal receptions Button5
press( id : ButtonUsage ) Button6
: evOpen() Button7
timeButton evCose() Button8
Button9
) {}
pPanel : iController_Panel
“«Proxy»

i
L
-Dfl:ﬁf# M ITRE | D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.



Questions KA 9

1.
2.

Eﬁﬁrm M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

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

F F
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Knowledge Assessment 10

ibd [Block] Microw ave QOven [ Microw ave Oven IBD ])

door : Door

pEmitter : iDoorStatus

a| pController : iDoorStatus
L

=]

M

Door : ~iDoorStatus
pPanel : iController_Panel ILI lil
[j microwave Emitter : Microwave Emitter

pDoor : ~iDoorStatus

controller : Controller carousel 1-C |
pController : ~iController_Panel carousel : Carouse

panel : Panel

light | light : Light

powerButteon : Button

F1

pController
digitButton : Button [22]

)
pEmitter

cookButton : Button

cance|Button : Button

i
DE:
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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

i
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Knowledge Assessment 11

bdd [Package] 3 Interfaces Pkg[ Inteerface Definitions BDD ])

«interfaceBlock»
iController_Panel

signal receptions «interfaceBlock»
press( id : ButtonUsage ) iDoorStatus

evValue( value : Real)

flow properties
out isClosed : Boolean

signal receptions
«interfaceBlock» reqd evOpen()

iEmitter_Controller U

ES
L
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Questions KA 11

1. What kind of diagram is this? Select from the list.
2. What s its purpose of use? Select the best answer.
a) Show system interfaces
D) 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

i
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Knowledge Assessment 12

stm [State Machine] Controller State Machine [ Controller State Machine ])

evCancel / turn off emitter

On

{

Ready | evSetPow er

]

Processing Power |

‘ entry / setPow er(100) J

evSetTime

after (cooking time) / chime
.

S

entry / setPow er(pow er Level) ‘

evSetTime

| Processing Time

entry / setTime(cookTime) H

evCook

Cooking

evDoorOpen

evResume

entry / pow erEmitter(pow er Level)

exit/ turn off emitter
evResume [doorClosed()]

Paused

ES
L
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Questions KA 12

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

i
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Knowledge Assessment 13

ract [Activity] Microw ave Emitter [ Microw ave Emitter ] )

‘__1

v

Compute On
Time from

input

power level

in Power Level 1

—platiarm

Vi

_ Compute OFF
input time from

power level

«comment»

Describes how the emitter produces pow er
at different levels. The system emits

microw aves at the same pow er level; by
varying the % of time the system is emitting,
the overall pow er can be varied.

For 50% pow er, the emitter emits

microw aves for 10ms, and then stops
emitting for 10ms, repeating for the entire
cooking duration.

For 100% pow er, the emitter is on
continuously during cooking.

For 10% pow er, it emits for 1 ms, and then
stops for 9ms, for the duration of the

cooking time.

| after (On Time) Depower
| _ e = Emitter

| > Door Opens |

after (Cooking
Time)

ing Time

- o e — (OVAVYAVE

UL 1M v e CURPUNRALTIVIN, ALL NIOMN 1O "CocCcnvew.




Questions KA 13

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

i
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Knowledge Assessment 14

bdd [Package] 4 ParametricsPkg | Params Blocks BDD ])
maxWattage :I «constraint»
OvenOutput
constraints
{resultingWattage = max\Wattage * percentage}
«block»
Oven percentage :I
values cooking time
Max\Wattage : Real [
percentageUsed : Real
i s - resultingWWattage
littleOven : Oven
MaxWattage = 1500.0 w atts
percentageUsed = 1.0 |_|
«constraint»
EnergyRate
constraints
ablock» {kKWPerMin = w atts / 1000 / 60}
little OvenAt40 : Oven [ ]
MaxWattage = 1500.0 KVWPerMin
ercentageUsed = 0.4 i it -
p g = «constraint» ] KWPerMin Min_5 : CookingSession
EnergyConsumed timeInMin = 5.0
«blocks Q canstraints «block»
biaOven - Oven {energy UsedinkW = KWPerMin*minutes+(} CookmgSessmn
values
MaxWattage = 2000.0 timelnMin : Real
percentageUsed = -16.0 minutes energy UsedinkW - Real
I: «block=» -
Min 18 : Cookings .
I:energyUsedanW timelnMin =180

i
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Questions KA 14

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

i
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Knowledge Assessment 15

par [Block] LetsCook[ Lets Cook par ])

:Oven

MaxWattage : Real

max\Wattage ] «constraint»
: OvenOutput
{resultingWattage = max\Wattage * percentage}

percentageUsed : Real percentage :]

o

resultingWattage

w atts
«constraint»
: EnergyRate
{kWPerMin = w atts / 1000 / 60}

A

kWPerMin
:CookingSession
KWPerMin
modelName : String . «constraint»
minutes :EnergyConsumed
{energyUsedInKW = KWPerMin*minutes}
energyUsedInKW : Real energyUsedinkKW ]

(s
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Questions KA 15

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

i
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Knowledge Assessment Answers

1. KA1
1. Package Diagram
2. D
3. B,C

2. KA2
1. Requirements Diagram
2. B
3. A C,D

3. KA3
1. Requirements Table
2. B
3. B,C

1. KA4

1. Use Case Diagram
2. A
3. D,E, F

. KAS

1. Use Case Diagram
2. C
3. AC

. KAG

1. Trace Matrix
2. D
3. B,C,D

i
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Knowledge Assessment Answers

1. KA7Y 1. KA10
1. Activity Diagram 1. Internal Block Diagram
2. C 2. D
3. AC,DE 3. A CE
2. KAS8 2. KA1l
1. Block Definition Diagram 1. Block Definition Diagram
2. F 2. A
3. AE 3. A,D,E
3. KA9 3. KA12
1. Block Definition Diagram 1. State Matrix
2. E 2. C
3. D,E 3. AAC,DEF

i
L
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Knowledge Assessment Answers

1. KA13
1. Activity Diagram
2. A
3. E,FH
2. KA14
1. Block Definition Diagram
2. C
3. A,B,C,E
3. KA15
1. Parametric Diagram
2. F
3. AB,C

i
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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 yrpotym—

«Requirement

FuncReq_0

. . . . . FuncReq_18
* This requirement is not in canonical
form and isn’t clear or testable: —— [Trerowomoond ateron

Trimcontrol is to be fast
and smooth.

* This one isn't a single testable statement >

i
DF:
F’Ef—. M ITR E D E Platfﬂ rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

pppppp

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 trimtabs, left and right outboard aileron,
left and right outboard aileron trimtabs, leftand
right inboard wing flaps, left and right inboard
wing flap trim tabs, left and right outboard wing
flaps, left and right outboard wing flaps, leftand
right ground spoiler, left and right flight spoiler,
and the left and right leading edge flap.

J

- Hit <Back Arrow> to return to presentation 213



Use Case Diagram Answer

uc [Package] Examples [Aircraft Use Cases]

O

No diagram mission
statement

Likely part of the

System and not an

actor

Actors should have
noun named, not
verbs

P{ﬁ; MITRE DE Platform

Generalization
direction incorrect

Navigate Aircraft
‘ /

Pilot >

Satellite Navigation
Inertial Navigation

U n“k8|y \ «incIL;;:ié‘»\

Fault Manager

Missing actor.
«— “Satellite” or “GPS
Satellite” maybe?

Unlikely

Poor actor choice.
+«— “Missions Ops”
actor maybe?

™~

Gimbaled Gyros

O

Mission Planner

Use case names
T
should not be
Perform Maintenance
nouns

J
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Talld ' T full d.
Block Definition Diagram Answer Jpe 10 Y expose

bdd [Package] WiperDesign [Wiper BDD] D|d you mean

= .. «Block» /
— / Composition? | wiperiade
No diagram mission T e 1 1| g /
Statement H torg:Ne...
. gt fpBlade mprotor
How do the WiperUl ~_ , <Block>
. ContinuousMotor
and WiperController T * > ”
4 iper es

E speed:MeterPerSecond

communicate? K T ’/Line crossing

pControl Operations

\ EI:I E setSpeed(s:MeteﬁerSeoond):\oid
«Block» pPower -
P t h I \ WiperController pMotorLeft «Block»
oor ype cnoice Values PowerSupply
\ E mode:ModeType MotorRight Values
E rate:String \
«DataType»
ModeType Operations Operations
EnumerationLiterals E setMode(m: ModeType):void
Si0F = setSpeed(s:Untyped):void
€2 MANUAL Pl — «Block»
£ 5 INTERMITTENT pPower S pMotor
££ CONTINUOUS Valves [
€& RAIN_DETECT = current:Ampere \
. E powerRemaining: Watt U ntyped po 't
ECU voltage: Volt
. pPower pECU
Operation argument . po—
Is untyped
yp Features not shown.

.unDs'l:E,;, M ITRE _ DE Platform © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. Is that ok? 215



Internal Block Diagram Answer ~ Naming convention?

-

DE

ibd [Block] WiperSystem [WiperSystem IBD]

. — No mission statement

1 tsWiperUL:WiperUI

1

pController

pUI

Line crossing

1 its\'ﬂperCol_nltmler:\'ﬂperCDntmler

1 isECU:ECU

pMotorLeft: ~iMotor_Controller \

1\" MotorLeft: ContinuousMotor

pCaontrol:iMotor_Controller

L1

,_

L
/ pPower:iMotor_Power
[H

Port conjugation incompatible

fpBlade

\1 motorRight:ContinuousMotor POrtS don ta pear to be

\ named properly

pContrs(;iMotor_Controller fpBlade

D ] T [] [#]

pPower:iController_Power pMotorRight:~iMotor_Controller =

anwer:iMntor_\tFwer
pMotor:iMotor_Power mE

[ ] I rsBattery e o 1 WiperBladeRight:WiperBlade

pPower:iController_Power

pECU:iPower_ECU
— []
Port type incompatible Multiple connectors but unspecified
MITRE DE Platform

ort multiplicity U
© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Unnamed role Seems unlikely that we get

Sequence Diagram Answer ) 2llthe | IV voltage

o sd [Package ] ECGPkg [SD2] / differentials and THEN get alll
MISSIng pard’meters Physician role 0 HeartThrob(tm) the ”_I” diﬁerentiaJS.
] System
Use Case: Display When does the loop
Waveforms I ~ I I . .
Scenario: Scenario 1 - sethumberofl.sacis() I > Terminate (m|SS|ng
| | |
' ' ' ?
Description: parallel| | | guard)®
The system is set up to run loop ] ' ' —
pemingretamoet | r o | B
and a [I-1| pair for waveform | | | A
2. The timescale is et fo 50 | e | | // N Timeouts would
mm/s for channel 1 and 12.5 ; | - N
mm/s for channel 2. loop ) | : : | be a better way to
~ | (LI DifferentialVoltagey, | 0 P
Preconditions: | | il SpGley tlmlng
The patient is anesthetized : : | than comments
and connected to a 5-lead | | _ |
configuration of the ECG | | EVACt'VateO/I
machine. | | |
' | | TBD Data
Post conditions: I M I hould
Data is displayed on the loop ) :‘/ | / snou
screen. //|[/ | updateDisplay(Channell) I o ([:I)'.t;p?ated ati/ prObany be
/ fg ! updateDisplay(Channel2) ! __:::_'“ :—:;rateofTBD fllled in
Can’t send a msg : : :
between parallel regions disableWFDisplay() | >! U

ES
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Activity Diagram

Line crossing

Action can
never start

Answer

Initial activity not

«—  identified

(printReadyToStart() W

T r—

(two input \

V!

flows) >
evSetX

4] x:int
v\

P

evPrint

Pin type
iIncompatibility

value:String

Pin direction wrong

e

/

Multiple inputs to the
same pin

DE:  MITRE | DE Platform

: ‘ print value;
P

©—

Entire activity terminates
after this action completes.

—— Upside down flow

Action can never start

/ (two input flows)
<

No destination specified
for send action

/

J—

evDonePrinting >

[Vmuezvalueﬂ } “value” is a pin above (so a local

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

variable but below must be U
defined in the context — these are
not the same “value”!
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State Diagram Answer

What’s the starting state? — f) ‘

ShuttingDown

state 0 |

Default state names

PibtReady

=

Reactions

(& enableControlPaneREADY_STATE);

No event triggers

No actions

-Q:E MITRE DE Platform

ev PiotRead/

set the button color red %

J W aitForPibtReady

&)

lll-formed guard statement

ev ShutDown [when the pilot releases control]

| ReadyStage2 |

evX

I

readyStagel

(N

\ Cannot transition

between AND-states

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

lll-formed action statement

J
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Parametric Diagram Answer Missing Mission

Statement
(X AN D y) O R Z com p Utat| on par [Package] paramspkg [LogicalParam] /

x=.334,y=.779,y = 0.118
« XANDYy =.334*779 =0.260186 o

e 0.260186 OR z = {3} {OROUpPE outpLt=inpust + inpu - rputinpu2 result:double
0.260186 + .118 - .260186*.118 = 0.039412

jutl:Real input2:Real output:Real
«ConstraintBlock» output:Real

AND_Gate 1 «ConstraintPl__lerty»

- ORGatel:0R_Gate
Constranis
{033 {{ANDOUpLE} outpuE=inpuEl * nput2;} Constraints
{0y HIOROUtpUE} outpLt = input! + input?2 - input inpLeZ}
input1:Real output:Real input1:Real input2:Real
output:Real

1 «ConstraintProperty» “\aluePropertys

ANDGate1:AND_Gate z:double=.118

Missing the input2 pin Constnts

{1 {{ANDOutpUE} cutput=nputd * inpue2:

inputl:Real

Value y isn’t connected to

-évalui’Plropert;B : x:double=0.334
y:double=.

(missing) input pin \ ‘

i
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