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1 Architecture Model Editing

Compose Architectures Visually

In this section...

“Create Architecture Model” on page 1-2
“Components” on page 1-5
“Ports” on page 1-9

“Connections” on page 1-12

You can create and edit visual diagrams to represent architectures in System Composer™. Use
architectural elements including components, ports, and connections in the system composition.
Model hierarchy in architecture by decomposing components. Navigate through the hierarchy.

With MATLAB® code and the functions importModel and exportModel, you can import external
architecture descriptions into System Composer. For more information, see “Import and Export
Architecture Models” on page 13-5.

Alternatively, you can use MATLAB programming to create and customize the various architectural
elements. For details, see “Build Architecture Models Programmatically” on page 1-24.

Create Architecture Model

A System Composer architecture represents a system of components and how they interface with
each other structurally and behaviorally. You can represent specific architectures using alternate
views.

Different types of architectures describe different aspects of systems:

* Functional architecture describes the flow of data in a system.
* Logical architecture describes the intended operation of a system.
» Physical architecture describes the platform or hardware in a system.

You can define parameters on the architecture level using the Parameter Editor.

A System Composer model is the file that contains architectural information, including components,
ports, connectors, interfaces, and behaviors.

An architecture model includes a top-level architecture that holds the composition of the system. This
top-level architecture also allows definition of interfaces of this system with other systems.

Start with a blank architecture model to model the physical and logical architecture of a system. Use
one of these three methods to create an architecture model:

e At the MATLAB Command Window, enter:

systemcomposer

Select Architecture Model.

1-2
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Examples
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Use a System Composer Architecture Model to describe systems as a combination of structural
elements with underlying behavioral descriptions. Use a Software Architecture Model to easily
define the execution order of your functions from your components, simulate your design in the
architecture level, and generate code by linking your Simulink® export-function, rate-based, or
JMAAB models to components.

For more information about software architecture models, see “Author Software Architectures” on
page 10-2.
From a Simulink model or a System Composer architecture model. On the Simulation tab, select

New LLIJ and then select Architecture EEE
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e At the MATLAB Command Window, enter:

archModel = systemcomposer.createModel("ModelName");
systemcomposer.openModel (archModel) ;

where ModelName is the name of the new model.

Save the architecture model. On the Simulation tab, select Save E The architecture model is
saved as an SLX file.

The architecture model includes a top-level architecture that holds the composition of the system.
This top-level architecture also allows definition of interfaces of this system with other systems. The
composition represents a structured parts list — a hierarchy of components with their interfaces and
interconnections. Edit the composition in the Composition Editor.
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This example shows a motion control architecture, where a sensor obtains information from a motor,
feeds that information to a controller, which in turn processes this information to send a control
signal to the motor so that it moves in a certain way. You can start with this rough description and
add component properties, interface definitions, and requirements as the design progresses.

Components

A component is a nontrivial, nearly independent, and replaceable part of a system that fulfills a clear
function in the context of an architecture. A component defines an architectural element, such as a
function, a system, hardware, software, or other conceptual entity. A component can also be a
subsystem or subfunction.

The Component element in System Composer can represent a component at any level of the system
hierarchy, whether it is a major system component that encompasses many subsystems, such as a
controller with its hardware and software, or a component at the lowest level of hierarchy, such as a
software module for messaging.

Represented as a block, a component is a part of an architecture model that can be separated into
reusable artifacts. Transfer information between components with:

* Port interfaces using the Interface Editor
» Parameters using the Parameter Editor

Add Components

Use one of these methods to add components to the architecture:
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1 Architecture Model Editing

* Draw a component — In the canvas, left-click and drag the mouse to create a rectangle. Release
the mouse button to see the component outline. Select the Component block option to commit.

* Create a single component from the palette —

untitled

untitled

®

untitled

B E e

G e gn
vl

i

@ g OM

* Create multiple components from the palette —
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[l

[ Bl [

s B E OB E

untitled HEES
untitled ¥
untitled
Component Component
it

Name Component

Each component must have a name that is unique within the same architecture level. The name of the
component is highlighted upon creation so you can directly type the name. To change the name of a

component, click the component and then click its name.

Sensor
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Move Component

Move a component simply by clicking and dragging it. Blue guidelines may appear to help align the
component with other components.

untitled TS

® |4}

untitled P hd

untitled

EY ol

....... E Sensor Componentl

[

LT e N

Component2

i

P E OB E

Resize Component
Resize a component by dragging corners.

1 Pause the pointer over a corner to see the double arrow.

Componenti

L

2 Click the corner and drag while holding the mouse button down. If you want to resize the
component proportionally, hold the Shift button as well.
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[T ]
Component1
0 '3%

3 Release the mouse button when the component reaches the size you want.
Delete Component
Click a component and press Delete to delete it. To delete multiple components, select them while

holding the Shift key down, then press Delete.

Ports

A port is a node on a component or architecture that represents a point of interaction with its
environment. A port permits the flow of information to and from other components or systems.

There are different types of ports:

* Component ports are interaction points on the component to other components.

* Architecture ports are ports on the boundary of the system, whether the boundary is within a
component or the overall architecture model.

For example, a sensor might have data ports to communicate with a motor and a controller. Its input
port takes data from the motor, and the output port delivers data to the controller. You can specify
data properties by defining an interface as described in “Define Port Interfaces Between
Components” on page 3-2.

Add Component Port

Represent the relationship between components by defining directional interface ports. You can
organize the diagram by positioning ports on any edge of the component, in any position.

1 Pause over the side of a component. A + sign and a port outline appear.

Sensor T

"

2 Click the port outline. A set of options appear for an Input, Qutput, or Physical port.
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1-10

Sensor

3  Select Output to commit the port. You can also name the port at this point.

Sensor

o -

q

An output port is shown with the *'icon, an input port is shown with the icon, and a physical

port is shown with the © icon and is nondirectional.
You can move any port to any component edge after creation.
Add Architecture Port

You can also create a port for the architecture that contains components. These system ports carry
the interface of the system with other systems. Pause on any edge of the system box and click when
the + sign appears. Click the left side to create input ports and click the right side to create output
ports.
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untitled jriaEH
@ |Funtitied ¥ hd
€| untitled
[FE|
D Sensor Component1
E OutBus [» B InBus
[
InBus Ouisustey
(3] .
[
Motor
= InBus
(&
-]
» | ah
Name Port

Every port is created with a name. To change the name, click it and edit.

Componenti

—
gnEus

Ports of a component must have unique names.

Move Port

You can move a port to any side of a component. Select the port and use arrow keys.

Arrow Key Original Port Edge Port Movement
Up Left or right If below other ports on the same
edge, move up, if not, move to
the top edge
Top or bottom No action
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1-12

Arrow Key Original Port Edge Port Movement

Right Top or bottom If to the left of other ports on
the same edge, move right, if
not, move to the right edge

Left or right No action

Down Left or right If above other ports on the same
edge, move down, if not, move
to the bottom edge

Top or bottom No action

Left Top or bottom If to the right of other ports on
the same edge, move left, if not,
move to the left edge

Left or right No action

The spacing of the ports on one side is automatic. There can be a combination of input and output
ports on the same edge.

Delete Port

Delete a port by selecting it and pressing the Delete button.

Change Port Type

You can change a port type after right-clicking a port and selecting Conjugate port from the

context menu. An Input port is converted into an Output port, and an OQutput port is converted into
an Input port.

Connections

Connectors are lines that provide connections between ports. Connectors describe how information
flows between components or architectures.

A connector allows two components to interact without defining the nature of the interaction. Set an
interface on a port to define how the components interact.

Connections are visual representations of data flow from an output port to an input port. For
example, a connection from a motor to a sensor carries positional information.

Connect Existing Ports

Connect two ports by dragging a line:

1 Click one of the ports.
2 Keep the mouse button down while dragging a line to the other port.

3 Release the mouse button at the destination port. A black line indicates the connection is
complete. A red-dotted line appears if the connection is incomplete.
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Sensor | Component1

OutBus [ rmmm e + [» InBus

You can take these steps in both directions — input port to output port, or output port to input port.
You cannot connect ports that have the same direction.

A connection between an architecture port and a component port is shown with tags instead of lines.

KO N N |

OBl @

v 2 E

untitled s3]
[E] untitied » hd
untitled
Sensor | Component1
OutBus [ B InBus
t= 4l InBus OutBus
Motor
InBus[F—& InBus
i1

Connect Components Without Ports

To quickly create ports and connections at the same time, drag a line from one component edge to

another. The direction of this connection depends on which edges of the components are used - left
and top edges are considered inputs, right and bottom edges are considered outputs. You can also

perform this operation from an existing port to a component edge.
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Component1

OutBus [ _I_

Sensor

You can create a connection between an edge that is assumed to be an input only with an edge that is
assumed to be an output. For example, you cannot connect a top edge, which is assumed to be an
input, with another top edge, unless one of them already has an output port.

Branch Connections

Connect an output port to multiple input ports by branching a connection. To branch, right-click an
existing connection and drag to an input port while holding the mouse button down. Release the

button to commit the new connection.

Sensor Component1

OutBus [=]] i[> InBus

Create New Components Through Connections

If you start a connection from an output port and release the mouse button without a destination
port, a new component tentatively appears. Accept the new component by clicking it.

Sensor

CutBus
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Change Line Crossing Style for Overlapping Connections

In complex architectural diagrams, connectors can overlap. You can improve the readability of your
diagram by choosing another line crossing style. Navigate to Modeling > Environment > Simulink
Preferences. In Simulink Preferences, select Editor, then select a Line crossing style. The
default line crossing style, Tunnel, is shown below.

Motor

[» Rotor
Sensor
Signal b
Rotor [>

Component

[ Signal

Another option, Line Hop, is shown below.
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Motor

[= Rator

Sensor

Signal b

Rotor [

Component

[ Signal

For more information on line crossing style parameters, see “Line crossing style”.

See Also

Functions
createModel | addComponent | addPort | connect | exportModel | importModel

Blocks

Component

More About

. “Decompose and Reuse Components” on page 1-17

. “Create Interfaces” on page 3-4

. “Author Parameters in System Composer Using Parameter Editor” on page 4-2
. “Describe System Behavior Using Sequence Diagrams” on page 6-2

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20



Decompose and Reuse Components

Decompose and Reuse Components

Every component in an architecture model can have its own design, or even several design
alternatives. These designs can be architectures modeled in System Composer or behaviors modeled
in Simulink. Engineering systems often use the same component design in multiple places. A common
component, such as power switch, can be part of all electrical components. You can reuse a
component in System Composer within the same model as well as across architecture models.

Decompose Component

A component can have its own architecture. Double-click a component to view or edit its architecture.
When you view the component at this level, its ports appear as architecture ports. Use the Model
Browser to view component hierarchy.

[JRobot » [F]sensor ¥ hd

Sensor

GPS Gyro

OutBus

You can add components, ports, and connections at this level to define the architecture.

You can also make a new component from a group of components.

1 Select the components. Either click and drag a rectangle, or select multiple components by
holding the Shift button down.
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Position Controller Speed Controller Moter

ClutBues P InBus CarBus P InBus

Encodear

2  (Create a component from the selected elements by right-clicking and selecting Create
Component from Selection.

Component

PO A s KR RS

P PosCommand

DutBues B

As a result, the new component has the selected components, their ports, and connections as part of
its architecture. Any unconnected ports and connections to components outside of the selection
become ports on the new component.

Any component that has its own architecture displays a preview of its contents.

Create Reference Architecture

Some projects use the same, detailed component in multiple places, and require the design of such a
component to be tightly managed. You can create a reference architecture to reuse the architectural
definition of a component in the same architecture model or across several architecture models.
Create such a reference architecture using this procedure:

1 Right-click the Sensor component and select Save as Architecture Model.
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2 Provide a name for the model. By default, the reference architecture is saved in the same folder
as the architecture model. Browse for or type the full path if you want to save it in a different
folder.

Save component as an architecture model — O >
Save architecture model and, optionally, export local
interfaces to a new shared data dictionary.
New model name: |Sen5orReﬂ Browse...
From architecture template:
Default
New data dictionary name:
Cancel Help
3 System Composer creates an architecture model with the provided name, and links the
component to the new model. The linked model is indicated in the name of the component
between the <> signs.
Robot >
Robot

Sensor
< SensorRef = ] i Component1

"OutBus P> [> InBus

Motor

B InBus

All architecture models can reference this new architecture model through linked components.
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Use Reference Architecture

You can use a reference architecture, saved in a separate file, by linking to it from a component.
Right-click the component and select Link to Model. You can also use the Create Reference option
in the element palette directly to create a component that uses a reference architecture.

To link a selected component to an existing architecture model, right-click the Trajectory
Planning component and select Link to Model.

Provide the full path to the reference architecture. If the linked component has its own ports and
components, this content is deleted during linking and replaced by that of the reference architecture.
The ports of the linked component become the architecture ports in the reference architecture.

Trajectory Planning
< planning_algarithm =

[ UserCommand
[» Obstaclelnfo path =

[» SensorData

Any change made in a reference architecture is immediately reflected in the models that link to it. If
you move or rename the reference architecture, the link becomes invalid and the linked component
displays an error. Link the component to a valid reference architecture.

Remove Reference Architecture

In some cases, you have to deviate from the reference architecture for a single component. For
example, a comprehensive sensor model, referenced from a local component, may include too many
features for the motion control architecture at hand and require simplification for that architecture
only. In this case, you can remove the reference architecture to make local changes possible. Right-
click a linked component and select Inline Model.
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Trajectory Planning
<= planning_algarithm =

Explore
[ Obstaclelnfo

Open

[» SensorData

Open In New Tab

Open In New Window
Open As Top Model

& Cut Ctrl+X

Copy Ctrl+C
Paste Crl+V
Inline Model... I}

This operation provides two options:

* Interface and subcomponents — Ports, interfaces, and subcomponents of the reference
architecture are copied to the component.

* Interface only — The ports and designated interfaces of the reference architecture are reflected
on the component, but the composition is blank.

Once the reference architecture is removed, you can start making changes without affecting other
architectures. However, you cannot propagate local changes to the reference architecture. If you link
to the reference architecture again, local changes are lost.

To remove a Stateflow® chart behavior, see “Remove Stateflow Chart Behavior from Component” on
page 7-17.

Create Variants

A component can have multiple design alternatives, or variants.

A variant is one of many structural or behavioral choices in a variant component.

Use variants to quickly swap different architectural designs for a component while performing
analysis.

A variant control is a string that controls the active variant choice.
Set the variant control to programmatically control which variant is active.

You can model variations for any component in a single architecture model. You can define a mix of
behaviors (defined in a Simulink model) and architectures (defined in a System Composer
architecture model) as variant choices. For example, a component may have two variant options that
represent two alternate structural decompositions.

Convert a Component to a Variant Component adding variant choices to the component. Right-click
the Sensor component and select Add Variant Choice.
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The '# badge on the component indicates that it is a variant, and a variant choice is added to the
existing composition. Double-click the component to see variant choices.

« 4l RobotArch Sensor ¥ i
& RobotArch L4 DSensor » -
/@l s i
ensor (Variant)
D Sensor
Sensor
Choice
E > Motioninfo SensorData >
i Maotionlinfo SensorData [» -
'
=) Mationlnfo SensorData
Component
[T
« |

Add Variant Choices

You can add more variant choices to a variant component using the Add Variant Cheice option.
Open and edit the variant by right-clicking and selecting Variant > Open > Variant Name from the

component context menu.

You can also designate a component as a variant upon creation using the object in the toolstrip.
This creates two variant choices by default.

Activate a specific variant choice using the context menu of the block. Right-click and select Variant
> Label Mode Active Choice > Choice (Component). The active choice is displayed in the header
of the block.
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Sensorsi
varianti

Explore

Open

OCpen In New Tab
Open In New Window

Jﬂ Cut Ctrl+X

Copy Ctrl+C

L& Paste Ctrl+v
Delete Del

Add Variant Choice

Variant r Open b

Apply Stereotype Label Mode Active Choice ¥ Choice (Component)
Open in Variant Manager ~  Variant1 (Sensors)

Create Spotlight From Component I

Create Software Architecture from Component

You can create a software architecture model from a component in a System Composer architecture
model and reference the software architecture model from the component. You can use software
architectures to link Simulink export-function, rate-based, or JMAAB models to components in your
architecture model to simulate and generate code. For more information, see “Create Software
Architecture from Architecture Model Component” on page 10-5.

See Also

Functions
createArchitectureModel | LinkToModel | inlineComponent | addVariantComponent |
makeVariant | addChoice | setActiveChoice

Blocks
Reference Component | Variant Component

More About

. “Implement Component Behavior Using Simulink” on page 7-2

. “Implement Component Behavior Using Stateflow Charts” on page 7-14
. “Organize System Composer Files in Projects” on page 12-2

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Build Architecture Models Programmatically
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Build an architecture model programmatically using System Composer™.
Build Model

To build a model, add a data dictionary with data interfaces, data elements, a value type, and a
physical interface, then add components, ports, and connections. Create a profile with stereotypes
and properties and then apply those stereotypes to model elements. Assign an owned interface to a
port. After the model is built, you can create custom views to focus on specific considerations. You
can also query the model to collect different model elements according to criteria you specify.

Add Components, Ports, Connections, and Interfaces

Create a model and extract its architecture.

model = systemcomposer.createModel("mobileRobotAPI");
arch = model.Architecture;

Create an interface data dictionary and add a data interface. Add a data element to the data
interface. Add a value type to the interface data dictionary. Assign the type of the data element to the
value type. Add a physical interface and physical element with a physical domain type. Link the data
dictionary to the model.

dictionary = systemcomposer.createDictionary("SensorInterfaces.sldd");

interface = dictionary.addInterface("GPSInterface");

element = interface.addElement("SignalStrength");

valueType = dictionary.addValueType("SignalStrengthType",Units="dB",Description="GPS Signal Stre!
element.setType(valueType);

physicalInterface = dictionary.addPhysicallnterface("PhysicalInterface");

physicalElement = addElement(physicallnterface,"ElectricalElement",Type="electrical.electrical")
linkDictionary(model, "SensorInterfaces.sldd");

Save the changes to the interface data dictionary.
dictionary.save

Save the model.

model.save

Open the model.

systemcomposer.openModel ("mobileRobotAPI");

View the interfaces in the Interface Editor.
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Interfaces

& ~ C||& |~

b Qg} Sensorinterfaces.sidd

~ &= GPSinterface

SignalStrength (SignalStrengthType)

[ signalStrengthType
~ €0 Physicalinterface

ElectricalElement

3

|| Dictionary View

Type Dimensions Units Description

SignalStrengthType dB

dB

GPS Signal Strength

double GPS Signal Strength

Connection: foundation_electrical electrical

Add components, ports, and connections. Set the physical interface to the physical ports, which you
will connect later.

componentSensor addComponent(arch, "Sensor");
sensorPorts addPort(componentSensor.Architecture, {'MotionData', 'SensorPower'},{'in', 'physical’
sensorPorts(2).setInterface(physicallnterface)

componentPlanning = addComponent(arch,"Planning");
planningPorts addPort(componentPlanning.Architecture, {'Command', 'SensorPowerl', 'MotionCommand'
planningPorts(2).setInterface(physicallnterface)

componentMotion
motionPorts

addComponent(arch, "Motion");
addPort(componentMotion.Architecture, {'MotionCommand', 'MotionData'},{'in"', 'out'});

Create an owned interface on the 'MotionData' port. Add an owned data element under the owned
data interface. Assign the data element "Rotation" to a value type with units set to degrees.

ownedInterface
ownedElement
subInterface

motionPorts(2).createInterface("Datalnterface");
ownedInterface.addElement("Rotation");
ownedElement.createOwnedType(Units="degrees");

View the interfaces in the Interface Editor. Select the 'MotionData' port on the Motion component.
In the Interface Editor, switch from Dictionary View to Port Interface View.

Interfaces

o v || - |8 | iE ~||Bs| || Search

Type

Dimensions

|| Port Interface View

Units

* 'O MotionData
elem0

Rotation

double
double

deqgrees

Connect components with an interface rule and the default name rule. The interface rule connects
ports on components that share the same interface. By default, the name rule connects ports on
components that share the same name.

1-25



1 Architecture Model Editing

c_sensorData = connect(arch, componentSensor, componentPlanning,Rule="interface");
c_motionData = connect(arch,componentMotion, componentSensor);
c_motionCommand = connect(arch,componentPlanning, componentMotion);

Add and Connect Architecture Port
Add an architecture port on the architecture.
archPort = addPort(arch,"Command","in");

The connect command requires a component port as an argument. Obtain the component port, then
connect.

compPort = getPort(componentPlanning, "Command");
c_Command = connect(archPort, compPort);

Save the model.
model.save
Arrange the layout by pressing Ctrl+Shift+A or using this command.

Simulink.BlockDiagram.arrangeSystem("mobileRobotAPI");

mobileRDbotAPl 4 -
mobileRobotAPI
Motion SenEor
> MotionCommand MaotionData > > MotionData
Planning
b+ Command {ySensorPower

Commandfp— > Command
MotionCommand [>
{ySensorPowert

b

Create and Apply Profile with Stereotypes

Profiles are XML files that can be applied to any model. You can add stereotypes with properties to
profiles and then populate the properties with specific values. Along with the built-in analysis
capabilities of System Composer, stereotypes help you optimize your system for performance, cost,
and reliability.

Create Profile and Add Stereotypes

Create a profile.

profile = systemcomposer.createProfile("GeneralProfile");

Create a stereotype that applies to all element types.

elemSType = addStereotype(profile,"projectElement");
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Create stereotypes for different types of components. You can select these types are based on your
design needs.

pCompSType
sCompSType

addStereotype(profile, "physicalComponent",AppliesTo="Component");
addStereotype(profile, "softwareComponent",AppliesTo="Component");

Create a stereotype for connections.
sConnSType = addStereotype(profile, "standardConn",AppliesTo="Connector");

Add Properties

Add properties to the stereotypes. You can use properties to capture metadata for model elements
and analyze nonfunctional requirements. These properties are added to all elements to which the
stereotype is applied, in any model that imports the profile.

addProperty(elemSType, 'ID',Type="uint8");
addProperty(elemSType, 'Description',Type="string");
addProperty(pCompSType, 'Cost',Type="double",Units="USD");
addProperty(pCompSType, 'Weight',Type="double",Units="g");
addProperty(sCompSType, 'develCost',Type="double",Units="USD");
addProperty(sCompSType, 'develTime',Type="double",Units="hour");
addProperty(sConnSType, 'unitCost',Type="double""',Units="USD");
addProperty(sConnSType, 'unitWeight', Type="double",Units="qg");
addProperty(sConnSType, 'length',Type="double",Units="m");

Save Profile

profile.save;

Apply Profile to Model

Apply the profile to the model.
applyProfile(model, "GeneralProfile");

Apply stereotypes to components. Some components are physical components, while others are
software components.

applyStereotype(componentPlanning, "GeneralProfile.softwareComponent")
applyStereotype(componentSensor, "GeneralProfile.physicalComponent™")
applyStereotype(componentMotion, "GeneralProfile.physicalComponent")
Apply the connector stereotype to all connections.
batchApplyStereotype(arch, 'Connector', "GeneralProfile.standardConn");

Apply the general element stereotype to all connectors and ports.

batchApplyStereotype(arch, 'Component',"GeneralProfile.projectElement");
batchApplyStereotype(arch, 'Connector',"GeneralProfile.projectElement");

Set properties for each component.

setProperty(componentSensor, 'GeneralProfile.projectElement.ID', '001");
setProperty(componentSensor, 'GeneralProfile.projectElement.Description', "' 'Central unit for all
setProperty(componentSensor, 'GeneralProfile.physicalComponent.Cost', '200");
setProperty(componentSensor, 'GeneralProfile.physicalComponent.Weight', '450");
setProperty(componentPlanning, 'GeneralProfile.projectElement.ID', '002");
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setProperty(componentPlanning, 'GeneralProfile.projectElement.Description’,"'"''Planning computer'’
setProperty(componentPlanning, 'GeneralProfile.softwareComponent.develCost', '20000");
setProperty(componentPlanning, 'GeneralProfile.softwareComponent.develTime"', '300");
setProperty(componentMotion, 'GeneralProfile.projectElement.ID', '003");
setProperty(componentMotion, 'GeneralProfile.projectElement.Description', "' 'Motor and motor contr
setProperty(componentMotion, 'GeneralProfile.physicalComponent.Cost', '4500");
setProperty(componentMotion, 'GeneralProfile.physicalComponent.Weight', '2500");

Set the properties of connections to be identical.

connections = [c_sensorData c motionData ¢ _motionCommand c Command];

for k = 1l:length(connections)
setProperty(connections(k), 'GeneralProfile.standardConn.unitCost','0.2");
setProperty(connections(k), 'GeneralProfile.standardConn.unitWeight', '100");
setProperty(connections(k), 'GeneralProfile.standardConn.length','0.3");

end

Add Hierarchy

Add two components named Controller and Scope inside the Motion component. Define the ports.
Connect the components to the architecture and to each other, applying a connector stereotype.
Hierarchy in an architecture diagram creates an additional level of detail that specifies how
components behave internally.

motionArch = componentMotion.Architecture;
motionController = motionArch.addComponent('Controller');
controllerPorts = addPort(motionController.Architecture,{'controlIn', 'controlOut'},{'in", 'out'})

controllerCompPortIn = motionController.getPort('controlIn');
controllerCompPortOut = motionController.getPort('controlOut');

motionScope = motionArch.addComponent('Scope');

scopePorts = addPort(motionScope.Architecture,{'scopeln', 'scopeQut'},{'in', 'out'});
scopeCompPortIn = motionScope.getPort('scopeln');

scopeCompPortOut = motionScope.getPort('scopelut');

c¢_planningController = connect(motionPorts(1),controllerCompPortIn);

For outport connections, the data element must be specified.

c_planningScope = connect(scopeCompPortOut,motionPorts(2), 'DestinationElement',"Rotation");
c_planningConnect = connect(controllerCompPortOut,scopeCompPortIn, 'GeneralProfile.standardConn")

Save the model.
model.save
Arrange the layout by pressing Ctrl+Shift+A or using this command.

Simulink.BlockDiagram.arrangeSystem( 'mobileRobotAPI/Motion');
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52 mobileRobotaPl b =] Motion P ™
Motion
Controller Scope
b HMotionCommand MotionData [ b
MationCommand i b= contralln controlOut [» b scopeln scopelut [ 4 MationData . Rotation
R0

Create Model Reference

Model references can help you organize large models hierarchically and define architectures or
behaviors once that you can then reuse. When a component references another model, any existing
ports on the component are removed, and ports that exist on the referenced model will appear on the
component.

Create a new System Composer model. Convert the Controller component into a reference
component to reference the new model. To add additional ports on the Controller component, you
must update the referenced model "mobileMotion".

referenceModel = systemcomposer.createModel("mobileMotion");
referenceArch referenceModel.Architecture;

newComponents addComponent (referenceArch, "Gyroscope");
referenceModel.save

linkToModel (motionController, "mobileMotion");

Controller
< mobileMofion =

Sxroacops

Save the models.

referenceModel.save
model.save

Make Variant Component

You can convert the Planning component to a variant component using the makeVariant function.
The original component is embedded within a variant component as one of the available variant
choices. You can design other variant choices within the variant component and toggle the active
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choice. Variant components allow you to choose behavioral designs programmatically in an
architecture model to perform trade studies and analysis.

[variantComp, choicel] = makeVariant(componentMotion);

Add an additional variant choice named MotionAlt. The second argument defines the name, and the
third argument defines the label. The label identifies the choice. The active choice is controlled by the
label.

choice2 = addChoice(variantComp, {'MotionAlt'},{'MotionAlt'});

Create the necessary ports on MotionAlt.

motionAltPorts = addPort(choice2.Architecture,{'MotionCommand', 'MotionData'},{'in', 'out'});
Make MotionAlt the active variant.

setActiveChoice(variantComp, 'MotionAlt")

Arrange the layout by pressing Ctrl+Shift+A or using this command.

Simulink.BlockDiagram.arrangeSystem( 'mobileRobotAPI/Planning');

Motion (Variant)

Motionommand hMotionlata
MotionAlt

k= MotionCommand MotionData b=

i b

Save the model.

model.save

Clean Up

Run this script to remove generated artifacts before you run this example again.

cleanUpArtifacts

See Also

Functions
createModel | createDictionary | addInterface | addPhysicalInterface | addValueType
| addElement | setType | createOwnedType | LinkDictionary | addComponent | addPort |
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setInterface | connect | save | getPort | createProfile | addStereotype | addProperty |
save | applyProfile | applyStereotype | batchApplyStereotype | setProperty |
linkToModel | makeVariant | addChoice | setActiveChoice | closeAll

Blocks
Component | Reference Component | Variant Component

More About

“Compose Architectures Visually” on page 1-2

“Define Profiles and Stereotypes” on page 5-2

“Use Stereotypes and Profiles” on page 5-9

“Decompose and Reuse Components” on page 1-17

“Create Interfaces” on page 3-4

“Organize System Composer Files in Projects” on page 12-2

“Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Modeling System Architecture of Small UAV

Overview

This example shows how to use System Composer™ to set up the architecture for a small unmanned
aerial vehicle, composed of six top-level components. Learn how to refine your architecture design by
authoring interfaces, inspect linked textual requirements, define profiles and stereotypes, and run a
static analysis on such an architecture model.

Open the project.
>> scExampleSmallUAV

Starting: Simulink

scExampleSmallUAVModel

Propulsion

EngineStatus
b }MlGS Commands

* Fusllevel >

PurStatus &

Flight Support Components
v v A
E} L.} 2
i8] @
g < 4
g £
@
@
&
9 i
= g [=}
g i 8
o ? a
@ < <
7 v A
FlightComputer
GS Commandsb—(P GS Comman s
Payload Cmds. I
4 dT
B EngineStatus Control Surface Cmds
b Fuellevel
ightCmds &
b PwrStatus
v
2
ta
2 &
kg
K e
z H
H 2
& e
SupervisoryComputer

¥ FuelData

P EngineStatus

Copyright 2018 The MathWarks, Inc.

Payload Data LinkBM{P>

I operatorCmds " DataLink & )—4@Dala Link

Alirframe

> ctriSrfcDeflection

> lightCmds.

Telemetry >

Each top-level component is decomposed into its subcomponents. Navigate through the hierarchy to
view the composition for each component. The root component, scExampleSmallUAVModel, has
input and output ports that represent data exchange between the system and its environment.

Author Interfaces

Define interfaces for domain-specific data between connections. The information shared between two
ports defined by interface element property values further enhances the specification. To open the
Interface Editor, in the Modeling tab in the toolstrip, click Interface Editor.
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Click the GS Commands port on the architecture model to highlight the
architecture_gsCommands interface and indicate the assignment of the interface.

=N -
S <T
w0
o
@ @ Payload
1]
-
[] a
g . 2
w0 o w
o L < L < L (B> operatorCmds
v v Fas £] b
FlightComputer
GS Commands [:bGS Commands L.
Payload Cmds [> }—— Airframe
B
i R Tty s E
Iy - A ) e B
. > EngineStatus Contral Surface Cmds Dr/_l—-k [> ctriSrfcDeflection
" G
P Fuellevel . -
- ™y I n IE
P lightCmds Dr/_n—-kb lightCmds
> PwrStatus -
, o
o \V £
4]
Ed
Interfaces ® x
18-15 %] ()8 I - ] |[semen Q(Oxctonary View - |
Type Dimensions Units Complexity Minirmum Manirmum Description
= ¢ scExampleSmallll AVModel sb -
= apConfigParams (param_valee_bus) | param_value_bus 1
param_count uint16 1 real 1] i} Total number of onboard parameters
param_id intg 15 real [1] 1] Onboard parameter id, terminated by NULL i the length is less than 1
param_index uint16 1 real 1] I} Index of this onboard parameter
param_type uintg 1 real ] i Onboard parameter type: see the MAV_PARAM_TYPE enum for supy
param_value single i real [1] 1] Onboard parameter value
~ gsCommands (gs_commands_bus) | gs_commands_bus 1
RTE uintg 1 real 1] 1] Return to Base Command
u_e single 1 real ] n Airspeed Commanded by the GS
quidanceMode uintg 1 real n n
h_¢_midLevel single 1 real ] 0 Commandad altfude when in Mid Level Commands Mote. Alto used
isManualModeOn uintg 1 real ] ]
peiDot_c_maLevel single 1 real 1] ] Turnrate command when in mid Level Commands guidance mode
wiewPointidx uintd 1 real 1] 1}
» uavMission (mission_item_bus) mission_item_bus 1 -
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Inspect Requirements

A Requirements Toolbox™ license is required to inspect requirements in a System Composer
architecture model.

Components in the architecture model link to system requirements defined in
scExampleSmallUAVModel. slregx. Open the Requirements Manager. In the bottom right
corner of the model pane, click Show Perspectives views. Then, click Requirements.

Enter perspactive
Enter perspective perspe

C
L

Ll

Code Requirements

Select components on the model to see the requirement they link to, or, conversely, select items in the
Requirements view to see which components implement them. Requirements can also be linked to
connectors or ports to allow traceability throughout your design artifacts. To edit the requirements in
smallUAVReqs.slreqx, select the Requirements Editor (Requirements Toolbox) from the menu.

The Carrying Capacity requirement highlights the total mass able to be carried by the aircraft.
This requirement, along with the weight of the aircraft, is part of the mass rollup analysis performed
for early verification and validation.

Requirements - scExampleSmallUAVYModel P X
View: |Requirements ~ | ||l a|-d E=E & || B (S
LY
= 1.1.11 #25 Flight Computer
= 1.1.12 #4 Enduance
¥ E 12 #11 Communications
E 1.2.1 #12 Flight Control
E 1.2.2 #13 Payload
¥ E 1.3 #14 Payload Capabilities
B 131 #17 Carrying Capacity
E 1.3.2 #16 Payload Bay Capacirty
= 1.3.3 #18 Default Payload v
< >

Define Profiles and Stereotypes

To complete specifications and enable analysis later in the design process, stereotypes add custom
metadata to architecture model elements. This model has stereotypes for these elements:
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* On-board element, applicable to components
* RF connector, applicable to ports

» RF wiring, applicable to connectors

Stereotypes are defined in XML files by using profiles. The profile UAVComponent.xml is attached to

this model. Edit a profile by using the Profile Editor. On the Modeling tab, click Profile Editor.

The display appears below.

Profile E‘%New Profile '.—jopen Il Save |+ Stereotype E% New Stereotype 2@ Import into | Select |+

Profile Browser

Filter profiles: | <all> -

~ [2] UAVComponent
*% OnboardElement
> RFConnector
RFWiring

Stereotype Properties

Name: | OnboardElement

Applies to: |Component

Base stereotype: | <nothing>

[ Abstract stereotype

v < Icon

Description: |Represents the base component of UAVComponent

} Default Stereotypes for Composition

ar| & v
Property name Type Name Unit Default
1 Mass double ¥ |n/a kg 0
2 Power double ¥ |n/a mW 0
3 RFHamnesslLength double ¥ |nfa cm 0

[] show inherited properties (read-only)

Analyze the Model

To run static analyses on your system, create an analysis model from your architecture model. An
analysis model is a tree of instances generated from the elements of the architecture model in which
all referenced models are flattened out, and all variants are resolved.

To open the Instantiate Architecture Model tool, click Analysis Model on the Views menu.

Run a mass rollup on this model. In the dialog, select the stereotypes that you want to include in your

analysis. Select the analysis function by browsing to utilities/massRollUp.m. Set the model

iteration mode to Bottom-up.
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Instantiate Architecture Model >

Description

Create an instance model from this architecture model by flattening out all referenced models and their components. Such an ©)
instance model may be used for system-level analysis expressed as MATLAB functions. E

Step 1: Select Stereotypes Step 2: Configure Analysis
Select the sterectypes to make available on Function
the instance model Analysis function:
[massRollup |13 |4 @
A UAVComponent Function arguments (comma-separated):
OnboardElement | |
RFConnectar
i »» massRollUp(instance
RFWiring P )
Model Iteration
Iteration Order: |Bottom-up -
Instance Model Properties
Mame: |scExampleSmallUA\.fM0del
[ Normalize Units
[] Strict Mode
Don't see your profile? |Profile Editor ... 23 Cancel p Instantiate

Uncheck Strict Mode so that all components can have a Mass property instantiated to facilitate
calculation of total mass. Click Instantiate to generate an analysis.
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I=7 Instances Mass Power
4 [ scExampleSmallUAVModel 15.462
4 [ Airframe 9.25
o Fuselage 17
o LandingGear 1.65
g Tail and Boom 27
o Wings 32
= Airframe:ctrlSricDeflection-=LandingGear:Brake
= Airframe:ctrSricDeflection-=Tail and Boom:dR_dE
+= Airframe:ctriSricDeflection-=Wings:dA_dF
= Airframe:lightCmds->Tail and Boom:Landing Strobe
= Airframe:lightCmds->Wings:MNavigation Lights
4 E Flight Support Components 0.629
4 [ ADSB Module 0.156
O ABDSE Antenna 0.058
o ADSE Board 0.093
= ADSB Board:RF Signal->ABDSB Antenna:RF Signal
= ADSB Module:ADSBData->ADSE Board: ADSBData
4 [ GPS Module 0.398
O GPS Antenna 0.128
o GPS Board 0.27
= GPS Board:GPSData->GPS Module:GPSModeuleData
= GPS Board:RFSignal-=GPS Antenna:RFSignal
o Pitot Tube Module 0.075
= Flight Support Components:ADSBData->ADSE Module:ADSBData
= GPS Module:GPSModeuleData->Flight Support Components:GPSSupportData
= Pitot Tube Module:AirData->Flight Support Components:AirData
4 [(3 FlightComputer 0.388
o Main Board 0.145
O Protective Case 0.195
o Telemetry Antenna 0.048

= FlightComputerAirData->Main Board:AirData

[ R e J s Y e B e e

[ I e e R e

[ R e i e e

RFHarnessLength

[ R e J e e R e e

[ R e e e

[ R e i e e

Length

Al A K

= in

[
AR AFAD

Once on the Analysis Viewer screen, click Analyze. The analysis function iterates through model
elements bottom up, assigning the Mass property of each component as a sum of the Mass properties
of its subcomponents. The overall weight of the system is assigned to the Mass property of the top

level component, scExampleSmallUAVModel.

See Also
setInterface | createProfile | addStereotype | addProperty | applyStereotype |
instantiate

More About

“Create Interfaces” on page 3-4

“Manage Requirements” on page 2-8

“Define Profiles and Stereotypes” on page 5-2
“Analyze Architecture” on page 9-2

“Model-Based Systems Engineering for Space-Based Applications” on page 1-38

“Organize System Composer Files in Projects” on page 12-2
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Model-Based Systems Engineering for Space-Based
Applications

1-38

This example provides an overview of the CubeSat Model-Based System Engineering Project
template, available from the Simulink® start page, under Aerospace Blockset™. It demonstrates how
to model a space mission architecture in Simulink with System Composer™ and Aerospace Blockset
for a 1U CubeSat in low Earth orbit (LEO). The CubeSat's mission is to image MathWorks
Headquarters in Natick, Massachusetts at least once per day. The project references the Aerospace
Blockset CubeSat Simulation Project, reusing the vehicle dynamics, environment models, data
dictionaries, and flight control system models defined in that project.

This project demonstrates how to:

* Define system level requirements for a CubeSat mission in Simulink

* Compose a system architecture for the mission in System Composer

» Link system-level requirements to components in the architecture with Requirements Toolbox™
* Model vehicle dynamics and flight control systems with Aerospace Blockset

* Validate orbital requirements using mission analysis tools and Simulink Test™

Open the Project

To create a new instance of the CubeSat Model-Based System Engineering Project, select
Create Project in the Simulink start page. When the project is loaded, an architecture model for the
CubeSat opens.

open("asbCubeSatMBSEProject.sltx");
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4 Simulink Start Page - O X

Examples

' Open..

Recent

Projects

& From Source Control ~

CubeSat Vehicle Model Cube$at Simulation Project

CubeSat Model-Based System En...

N

— CubeSat Model-Based System
. Engineering Project
By The MathWorks, Inc.

i Create Project

Aerospace Blockset lefs you model, simulate, analyze, and visualize
the motion and dynamics of CubeSats and other spacecraft. This
project demonstrates how to perform model-based system
engineering (MBSE) tasks for a low Earth orbit (LEO) satellite
mission. It references the CubeSat Simulation Project to reuse
subsystem models, adds a System Composer architecture layer,
links system requirements to components in the architecture, and
validates orbital requirements with Simulink Test.

Define System-level Requirements

Define a set of system-level requirements for the mission. You can import these requirements from
third-party requirement management tools such as ReqIF (Requirements Interchange Format) files or
author them directly in the Requirements Editor.

This example contains a set of system-level requirements stored in SystemRequirements.slreqx. Open
this requirement specification file in the Requirements Editor. Access the Requirements Editor
from the Apps tab or by double-clicking on SystemRequirements.slreqx in the project folder browser.

Our top level requirement for this mission is:

1 The system shall provide and store visual imagery of MathWorks headquarters [42.2775 N,
71.2468 W] once daily at 10 meters resolution.

Additional requirements are decomposed from this top-level requirement to create a hierarchy of
requirements for the architecture.
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[%# Requirements Editor

REQUIREMEMNTS

2 of &

B &

Q

Mew Open Profile Add Add Search | AMALYSIS | SHARE
Requirement Set Editor = | Requirement = Link =~ @& Requirements -
- L —
FILE PROFILE REQUIREMENTS LINKES EDIT -
@ Reguirement: #1
Details
hd h, SystemRequirements ~ Properties
v B 1 #1 Provide visual image
L5 Type: Functional =
v £ isual i .
B 11 2 Visual imagery collection Index: 1
B 111 #10 Crbit Selection Custom 10 |.-.--_ |
v B 112 #11 CubeSat
Summary: |Prm-ide visual imagery |
E 1121 #4 Imaging payload performance
E 1122 #5 GNC paointing accuracy Description Rationale
E 1123 #6  GNCslew rate (v B 7 Ul === E Ml
E 1124 #7 Image downlink The system shall provide and store visual imagery of MathWorks
= N ) headquarters [42.2773 N, 71.2488 W] 1 times daily at 10 meters
1.1.25 #8 On-board image management resolution.
v B 1126 #23 Power for on-board imaging tasks
E 11261 #24 | Power System Cantrol
v B 1.1.262 #25 Power System Plant
v E 112621 #26  Solar Panel
E 1126211 #28 Solar Fanel Cells
v B 1izs22 #27  Battery
Bl 1126221 #29 Battery Cell
B 12 #3 Visual imagery ground storage Keywords:
P Revision information:
b Links
» Comments

Compose a System Architecture

System Composer enables the specification and analysis of architectures for model-based systems
engineering. Use the system-level requirements defined above to guide the creation of an
architecture model in System Composer. The architecture in this example is based on CubeSat
Reference Model (CRM) developed by the International Council on Systems Engineering (INCOSE)
Space Systems Working Group (SSWG) [1].
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P4, ashCubeSatArchMadel — O =

SIMULATION

8 <« asbCubeSatArchModel iz
w
B @ |[FasbCubesatArchModel P A
g
§|@
o asbCubeSatArchModel
£
5 £
w
. v .
= Space Environment oty il Visualization i
=) < ashCubeSatEnviranment = CubeSat Mission Enterprise < asbCubeSatVisualization >
[> CubeSatStates Env [> > Env |CubeSatStates > [> CubeSatStates CubsSatStates {1
=) . —
O
e = Out‘Cu:eSatS:ates
&
» | EahaH
Ready View diagnostics 119% auto(ode4s)

The architecture is composed of components, ports, and connectors. A component is a part of a
system that fulfills a clear function in the context of the architecture. It defines an architectural
element, such as a system, subsystem, hardware, software, or other conceptual entity.

Ports are nodes on a component or architecture that represent a point of interaction with its
environment. A port permits the flow of information to and from other components or systems.
Connectors are lines that provide connections between ports. Connectors describe how information
flows between components in an architecture.

Extend the Architecture with Stereotypes and Interfaces
You can add additional levels of detail to an architecture using stereotypes and interfaces.

Stereotypes

Stereotypes extend the architectural elements by adding domain-specific metadata to each element.
Stereotypes are applied to components, connectors, ports, and other architectural elements to
provide these elements with a common set of properties such as mass, cost, power, etc.

Packages of stereotypes used by one or more architectures are stored in profiles. This example
includes a profile of stereotypes called CubeSatProfile.xml. To view, edit, or add new stereotypes to
the profile, open this profile in the Profile Editor from the Modeling Tab.

This profile defines a set of stereotypes that are applied to components and connectors in the
CubeSat architecture.
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Profile Browser Sterectype Properties
Filter profiles: | <all> - Mame: |BaseSCComponent
-~
Applies to: | Component v | Hion | &
v 3 CubeSatProfile
£ Attitude Base stereotype:  <nothing> -
&, AttitudeDeterminationAndCantrol
¢=, BaseSCCompanent [ Abstract stereotype
e Battery
BatteryCell Description: |
&. CommandAndDataHandling
-'.'} Communications ¥ Default Stereotypes for Composition
|:|:i CubeSatEnterprise
{} CubesatTotal o % v
DownLink
&I GNC Property name Type MName Unit Default
2 GroundElement 1 size sinale *|na m*3 0
LogicalConnection 2 mass sinale = nfa kg 0
E orbit 3 cost sinole *|n/a dollars 0
& Payload 4 powerAvg sinale *|va w 0
& Power 5 powerPeak sinale * | na w o
Eﬂ Propulsion
& SolarPanel
SolarPanelCell
&S SpaceEnv
ﬂ SpaceSegment
ﬁ. Structures
&% Thermal
L TransportLaunchDeployServices
UpLink v [ Show inherited properties (read-only)

Stereotypes can also inherit properties from abstract base stereotypes. For example,
BaseSCComponent in the profile above contains properties for size, mass, cost, and power demand.
We can add another stereotype to the profile, CubeSatTotal, and define BaseSCComponent as its
base stereotype. CubeSatTotal adds in its own property, nominalVoltage, but also inherits
properties from its base stereotype.
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Profile Browser Sterectype Properties
Filter profiles: | <all> = Name: | CubsSatTotal
-
) Applies to:  Component T {E 1con 0]

v 3 CubeSatProfile

£ aritude Base stereotype:  CubeSatProfile. BaseSCCompanent -

gﬁ, AttitudeDeterminationAndControl

&4 BaseSCComponent [ Abstract stereotype

&4 Battery _ .

BatteryCell Description:

&, CommandAndDataHandling
'5} Communications

B CubeSatEnterprise

{F CubesatTotal ]
DownlLink
&4 GNC Property name Type MName Unit Default
L GroundElement nominalVioltage sinale * | nfa
LogicalConnection .
£ orbit

&a Payload

& Power

&. Propulsion

;5% SolarPanel

SolarPanelCell

Hf SpaceEnv

i SpaceSegment

&. Structures

5% Thermal

&, TransportLaunchDeployServices
UpLink . [] sShow inherited properties (read-only)

. . S —

» Default Sterectypes for Composition

]
sinale Bl n/a
sinale Rl n/a
sinale Bl nv'a
sinale gl n/a
awerPeak sinale gl v/a

™

In the architecture model, apply the CubeSatTotal stereotype to CubeSat system component
(asbCubeSatArchModel/CubeSat Mission Enterprise/Space Segment/CubeSat). Select
the component in the model. In the Property Inspector, select the desired stereotype from the drop-
down window. Next, set property values for the CubeSat component.
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P4, asbCubeSatArchModel/CubeSat Mission Enterprise/Space Segment - O x
SIMULATION MODELING FORMAT
7 O~ J = % Stop Time ;
Q my 3 ———— @
i . - r COAR WIEW O | Normal - |
Model = Interface Profile Apply COMPONENT | DIAGRAMS | VIEWS | COMPILE [ Run
Advisor ~ T} ~ Editor Editor ¥ Stereotypes 0@ Fast Restart
h - - -
MANAGE DESIGN FROFILES SIMULATE
g | <= 4r  Space Segment [ | Property Inspector ® x
z
E ® astubeSatArchMod el b DCubeSat Mission Enterprise ¥ DSpace Segment # h Component
E Architecture Info
E @& Space Segment
[ v Main
@ Name Cubebat
Stereotype Add.. ©
CubeSaiStates ¢ v CubeSatTotal Select hd
D CubaSat Initial Orbit g CubeSat Initial Attitude 5 .
nominalVoltage 5V
size om*3
E mass 0kg
cost 381710 dollars
CubaSat i powerAvg 125 W
b+ 4lEnviranment uplirk powerPeak 16.850000351469...
_ Parameters
Ervironmeni—{ b Environment - CubeSatSiaies b —@Cub
O
dicrn Link
=T
P I Y=F:
Ready View diagnostics 80% auto{ode4s)
Interfaces

Data interfaces define the kind of information that flows through a port. The same interface can be
assigned to multiple ports. A data interface can be composite, meaning that it can include data
elements that describe the properties of an interface signal. Create and manage interfaces from the
Interface Editor. Existing users of Simulink can draw a parallel between interfaces in System
Composer and buses in Simulink. In fact, buses can be used to define interfaces (and vice versa). For
example, the data dictionary asbCubeSatModelData.sldd contains several bus definitions, including
ACSOutBus, that can be viewed in the Interface Editor and applied to architecture ports.
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L asbCubeSatArchModel - O x
SIMULATION MODELING FORMAT
Q ~|f I i % Stop Time ()
QL - 2 By B SopTime |08 @)
Model % Interface || 7 || profile Apply COMBONENT | DIAGRAMS | VIEWS | compiLe | Normal v Run
Advisor + fif + || [__Editor | Editor ¥ Stereotypes 0@ Fast Restart
hd - b -
MANAGE DESIGN PROFILES SIMULATE Y
g | @ asbCubeSatArchModel i
2
E @® |F2asbcubesatarchModel ¥ hd
@ ~
g @
asbCubeSatArchModel
FE|
Hi [ &l ”
= >
Interfaces ® x
S| R (B] &[S (="
Type Dimensions Units Complexity Minimum Maximum Description
3 ? asbCubeSatArchinterfaceData sldd -

I ~ & asbCubeSatModelData sldd
~ & ACSOutBus

AttitudeError AftitudeErrarBus | 1 real 1] 1]
TorqueCmds double 3 real n 0
cmd_g_b2igt double 4 real n 0
MavMode double 1 real n 0
} & AttitudeErrorBus =
4 »
Ready View diagnostics 107% auto(ode4s)

Visualize the System with Architecture Views

Now that we have implemented our architecture using components, stereotypes, ports, and
interfaces, we can visualize our system with an architecture view. In the Modeling Tab, select Views.

Use the Component Hierarchy view to show our system component hierarchy. Each component also
lists its stereotype property values and ports.
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VIEWS

EII}I % Save

MNew

FILE
View Browser

COMPONEMTS

Search

B asbCubeSatArchModel * - Architecture Views Gallery

~ B8 Views
~ | cubesat MBSE Demo
- D CubeSat Mission Enterprise
M ers
+ [ Ground Segment
D Ground Station Services
~ [ Space Segment
~ [™] cubesat
= coHs
= communications
» M GNe
v [ Power
™ Propuision
[ structures
=] Thermal
D CubeSat Initial Orbit
D Tranport, Launch and Deploy Se
[ Space Environment
ﬁ Sequence Diagrams

Model Components

x
I%I 0
. A =5 =
S | W 2 0O i E'% [] Hide ports
k. ¢ Component | Component | Architecture [] Hide properties
ED Diagram Hierarchy Hierarchy
CAMNVAS MNAVIGATE REQUIREMENT DIAGRAM DISPLAY
CubeSat MBSE Demo =
Views b CubeSat MBSE Demo 2
=
)
. L]
e )
B R g
= —— T
== w
Tt ]

T

VIEW CONFIGURATIONS |

You can also view the hierarchy at different depths of the architecture. For example, navigate to the
Power System Plant component of the architecture by double-clicking the component in the View

Browser.
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By asbCubeSatArchModel * - Architecture Views Gallery

WVIEWS
oF R &
Mew . B3
FILE COMPOMENTS CANVAS

View Browser

Search

~ 5E views
- CubeSat MBSE Demo
- D CubeSat Mission Enterprise
™ ePs
v [ Ground Segment
™ Ground Station Services
~ [™] Space Segment
~ [™] CubeSat
™ cDHS
™ communications
~ ™ Gne
) ACS
Adapter
Adapter1
[2] Operator
~ [™] Power
D Power System Contro
v [™] Power System Plant
™ Propuision
™ structures
=] Thermal
™ CubeSat Initial Orbit
D Tranport, Launch and Deploy S
[ Space Environment
ﬁ Sequence Diagrams

Model Components

— O x
=i
= e
= =5
s B0 =a
Component | Component | Architecture DISPLAY
5 Diagram Hierarchy Hierarchy
-
MNAVIGATE REQUIREMENT DIAGRAM i
Power System Plant o |
A m
| % Space Segment b CubeSat b Power B Power System Plant =
=] 0
B Power System Plant db =
«Baze3CCo mponents %
cost: single (dellars) =0 :_U|
mass: single (kg) =0 m
powerfvg: single (W} =10 R
powerFesk: single (W) =0 —
size: single (m"3) =0
«Fowers
Ports.
in actuatorCmd
in atfitudeSiates
oul powierStates
ou sensorlats
=] =]
Battery =] [ SolarPanel =T
«BaseSCComponents «BaseSCCemponents
cost: single (dellars) = 7780 cost: single (dellars) =0
mass: single (kg) = 0.200 mass: single (kg) = 0.350
powerg: singls (W) = powierAvg: single (W) =
powerPeak: single (W) =0 powerPeak: single (W) =0
size: single (m*3) = 2e-4 size: single (m*3) =0
eBatterys eSolarPansls
capacity: singhe (WHr} = 7.40000009526743 capacity: double (WHr =0
parallelCells: single = 1 parallelCells: double = 10
s=riesCels: single = 2 s=riesCells: double = 2
Forts Forts
in powierin out  powsrln
+ +
BatteryCell \ SolarPanelCell
sBatteryCells sSolarPanslCell
capacity: singhe (WHr) = 22 2000007528335 cost: single (dollars) = 2500
cost: single (dellars) = 3885 powerGen: singls (W) =3
mass: single (kg) = 0.115000002083183 voltage: single (W) = 3.70000004758372
voltage: single (V) = 2.70000004758372 Ports
Forts
VIEW CONFIGURATIONS
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Link Requirements to Architecture Components

To link requirements to the architectural elements that implement them, use the Requirements
Manager. Drag the requirement onto the corresponding component, port, or interface. Using this
linking mechanism, we can identify how requirements are met in the architecture model. The column
labeled "Implemented" in the Requirements Manager shows whether a textual requirement has
been linked to a component in the given model. For example, our top-level requirement "Provide
visual imagery" is linked to our top-level component CubeSat Mission Enterprise with
decomposed requirements linked to respective decomposed architectural components.

'D'i ashCubeSatArchModel

SIMULATION MODELING FORMAT REQUIREMENTS X
= ¥ = Ene =
'LH 4] Leb i Import | g& Highlight Links @ c(g
Save A Requirements New {3 Open E Layout v Check Traceability Traceability | Share
- Editor Requirement Set Consistency Matrix Diagram =
FILE EDIT REQUIREMENT SET VISUALIZE ANALYZE SHARE
4 asbCubeSatArchModel #= | Property Inspector ®
z
E ® |[FasbcubesatarchModel ¥ v || Requirement: #1
E -~ Details
!
~ Properties
_ Type: Functional i
= 4 Index: 1
e
?}25 Custom ID: | #1 |
D o 3
¥ w = Summary: |Prm'ide visual imagery |
Akd
nvironment g%‘ba = Visualization -PE . =
E SatErvinoarment = CubeSat Mission Enterprise LE]EE | < ashCubeSafVisualization > Description Rationale
% » s U M-
WA
[The system shall provide and stare visual
tates Env [ B Enw | CubeSatStates [ [> CubeSatStates imagery of MathWorks headquarters
[42.2T75 N, 71.2468 W] 1 times daily at 10
meters resolution.
3_ - e o L_.‘ut.C.JbeE».al
lE_EI nm v
< >
Requirements - asbCubeSatArchModel ® x
View: |Requirements ~ | | %zl (In (= =] JE B ﬁl @ Keywords:
» Revision infarmation:
w5y n i
B 11 #2 visual imagery collection _ E <= Implemented by:
B 12 #3 Visual imagery ground starage _ D CubeSat Mission Enterprise
El 4= Verified by:
= Verify visual imagery
3
Ready 100% VariableStepAuto
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Connecting the Architecture to Design Models

As the design process matures through analysis and other systems engineering processes, we can
begin to populate our architecture with dynamics and behavior models. System Composer is built as a
layer on top of Simulink, which enables Simulink models to be directly referenced from the
components we have created. We can then simulate our architecture model as a Simulink model and
generate results for analysis. For example, the GNC subsystem component contains 3 Simulink
model references that are part of the CubeSat Simulation Project.

'}i ashCubeSatarchModel/.../CubeSat/GNC — O >
SIMULATION MODELING FORMAT
QK- 4 & Ty Stop Time Y
@ - A 4 il
Model = Interface | 7 || profile Apply COMPONENT | DIAGRAMS | VIEWS | compILE || Normal ) Run
Advisor ~ 11} ~ Editer Editer v Stereotypes 0§ Fast Restart
- - v A d
MANAGE DESIGMN PROFILES SIMULATE
g e o # o =
T
E ® |[FasbcubesatarchModel ¥ [T cubesat Mission Enterprise ¥ [~ space segment ¥ [Fcubesat ¥ [Fonc b -
o
| o
T | & | eNe
Plant iC
D < asbCubeSalyehiclePlant =
powerStates atiiiudeSiates
i""""ié!«\'dﬁ%}ﬂem e T [ Environsmenl CubeSaiStates [~ - CubeSaiSiales
Acs " ;
« aahCubaSeALS » > CommandedAltitude SensarsOut [
Oparator D&
« ashCubeSalviahicleOparalor >
> Environsment
PairtingMode [~ b Abliludebode ACEOU 1>
|:| P BensorsOul
[ I Enviranimeal CubaSatSiates [
[ WAL | X e rsarO
» | ek
Ready View diagnostics 85% VariableStepAuto

Double-click these reference components to open the underlying Simulink models. Notice that the
interfaces defined in the architecture map to bus signals in the Simulink model.
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L asbCubeSatArchMadel/.../GNC/Plant - O X
SIMULATION MODELING FORMAT
b = 2 = ¥ 5 L
Get Linearization Model Control System Parameter Response Robot Operating Embedded Fixed-Point e

Add-Ons + Manager Linearizer Designer Estimator Optimizer System (ROS) Coder Too
ENVIRONMENT AFFS ry
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T
T ® astubeSatArchModel 4 DCubeSat Mission Enterprise ¥ DSpace Segment b DCubeSat 4 DGNC 4 @Plant [asbCubesatvehiclePlant) v
5
& | &y
g | &

=

CubeSatStates W

CubeSatStates

D Forces »| Forces

@—.H—.mmcm ,
CommandedAttitude =
Torques | Mormants StatesOut P StatesOut SansorsOut 4@
i = SensorsOul
rRRTON . SensorsOut
= Vehicle Control Sensors
Vehicle Control
Actuators
Env
Environment Wehicle Dynamics

[T

» ||&
Ready 114% VariableStepAuto

This example uses the Spacecraft Dynamics block from Aerospace Blockset to propagate the
CubeSat orbit and rotational states.
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#3 Link: asbCubeSatArchModely.../Plant/Vehicle Dynamics - O x
SIMULATION DEBUG MODELING FORMAT
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Get Linearization Model Control System Parameter Response Robot Operating Embedded Fixed-Point h
Add-Ons + Manager Linearizer Designer Estimator Optimizer System (ROS) Coder Tool
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'E ® |« DCubeSat Mission Enterprise ¥ DSpace Segment Pk DCubeSat » DGNC 4 EF‘Iant (asbCubesatvehiclePlant) # \."ehicle Dynamics ¥ v
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| 3
Ready View diagnostics 100% VariableStepAuto

Simulate System Architecture to Validate Orbital Requirements

We can use simulation to verify our system-level requirements. In this scenario, our top level
requirement states that the CubeSat onboard camera captures an image of MathWorks Headquarters
at [ 42.2775 N, 71.2468 W] once daily at 10 meters resolution. We can manually validate this
requirement with various mission analysis tools. For examples of these analyses, click on the project
shortcuts Analyze with Mapping Toolbox and Analyze with Satellite Scenario.
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4 Satellite Scenario Viewer — O

Jul 12019
13:12:01 UTG

Source: Esri. Maxar, GeoEye, Earthstar Geographies, CﬂNESMirhus DS, USDA, USGS. AeropGRID, IGN. and fhe GIS User Commumnity

<1l » |1:nu:un uTC Jul 12019 1|2:u-u:nu uTC Jul 12019 1|3-.uu:ug uTC Jul 12019 1|4-.uu:nu uTC Jul 12019 1
| ke | |

The satellite scenario created in the Analyze with Satellite Scenario shortcut example is shown above.

Validate Orbital Requirements using Simulink Test

Although we can use MATLAB to visualize and analyze the CubeSat behavior, we can also use
Simulink Test to build test cases. This test case automates the requirements-based testing process by
using the testing framework to test whether our CubeSat orbit and attitude meet our high-level
requirement. The test case approach enables us to create a scalable, maintainable, and flexible
testing infrastructure based on our textual requirements.

This example contains a test file systemTests.mldatx. Double-click this file in the project folder
browser to view it in the Test Manager. Our test file contains a test to verify our top-level
requirement. The "Verify visual imagery" testpoint is mapped to the requirement "Provide visual
imagery" and defines a MATLAB function to use as custom criteria for the test. While this test case is
not a comprehensive validation of our overall mission, it is useful during early development to
confirm our initial orbit selection is reasonable, allowing us to continue refining and adding detail to
our architecture.
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A\ Test Manager - O X

Results and Artifacts E systemTests @ Verify visual imagery  x
|Filte' tests by name or tags, e.g. tags: test
§ H H +'| Enabled
~ ] systemTests Verify visual imagery

- [ conopsTests

systemnTests » conopsTests » Verify visual imagery
|Z] Verify visual imagery

Baseline Test
Create Test Case from External File
r TAGS
» DESCRIPTION®
+ REQUIREMENTS™

Provide visual imagery

» SYSTEM UNDER TEST*

» PARAMETER OVERRIDES

» CALLBACKS

r INPUTS

» SIMULATION QUTPUTS

» CONFIGURATION SETTINGS OVERRIDES
r BASELINE CRITERIA

» ITERATIONS

» LOGICAL AND TEMPORAL ASSESSMENTS™

FROPERTY VALUE * CUSTOM CRITERIA®

Mame @ Verify visual imagery

Type Baseline Test ¥ function customCriteria(test)

Model asbCubeSatArchModel

Simulation Mode [Model Settings] » Perform custom criteria analysis on test results
Location S:\38\crusso.BlemdaZ_ah.... 1 myTestPkg. groundCoverageTast(test);

Enabled +

Hierarchy systemTests » conopsTests. ..

Tags

» COVERAGE SETTINGS

Run the test point in the Test Manager and confirm that the test passes. Passing results indicate that
the CubeSat onboard camera as visibility to the imaging target during the simulation window.
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Results and Artifacts

Filter results by name or tags, e.g. tags: test ENR
» Results: 2021-Dec-09 19:06:35 1
- S| Verify visual imagery (]
bz Verify Statemeants (]
v Py Sim Output (asbCubeSatArchModel - normal)
= [zl Custom Criteria Result (]

|| verifyTrue passed. Actual Value: logical 1 (]
|| verifyTrue passed. Actual Value: logical 1 (]
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See Also
Orbit Propagator | Spacecraft Dynamics | Attitude Profile

Related Examples

. “Compose Architectures Visually” on page 1-2
. “Define Profiles and Stereotypes” on page 5-2
. “Manage Requirements” on page 2-8



Use Property Inspector in System Composer

Use Property Inspector in System Composer

The Property Inspector allows you to access and edit properties for different elements in System
Composer.

To open the tool, from the System Composer toolstrip, navigate to Modeling > Property Inspector.
Alternatively, press Ctrl+Shift+I. On a macOS, use the command key instead of Ctrl.

Property Inspector @ X%
Port

Architecture Info

v Main
Name GS Commands
v Interface
Name architecture_gsCommands v
Open in Interface Editor edit ...
Stereotype Add.. v
v RFConnector Select P
ConnectorType ‘copper’

Use the Property Inspector to inspect properties based on context. When you select a component,
port, connector, interface, function, or requirement, the structure of the Property Inspector adapts
to accommodate the given element.

Property Inspector Modes

This table explains where to find more information about authoring properties.

Property Tool

Stereotypes Profile Editor
Parameters Parameter Editor
Interfaces Interface Editor
Requirements Requirements Editor
Functions Functions Editor

View and Edit Stereotypes and Parameters

Launch the small unmanned aerial vehicle (UAV) project.

scExampleSmallUAV

In the Property Inspector, on the root architecture layer of the architecture model, you can view
and edit stereotypes and parameters.

1-55



1 Architecture Model Editing

44 | wBamcleSmalliAVModel X FlightComputer *  Fuel System *  Engine *  Flight Support Components = Payload =0 | Property Inspectar ® x

@ |[F]scExampleSerallUAVMadel b w | Architecture

@ Info

~ Main

@ N scEampleSmallMVModel
s = = :

~ Parameters Select w

(m| ==l AltitudeData 10 bem (default)

T

i

8 =R I

=] i § & g . 1 operstorCrds. Dt Lk 1 Ot L

O lpromen  H 8 e S I —

When you select a component, you can view and edit the stereotypes or parameters assigned to the

component.
G4 . 4 Aiframe X FlightComputer *  FuelSystem Engine * Flight Support Components *  Pajload B | Propesty Fupecior @ X
@ [ scExampleSmalluAvModel b [ Airframe » w | Component
@ Info
~ Main
Mame LandingGaar
= Steretype | add. ~|
= ~ OnboardElement Select E
Mass 165k
5 wigs = =
gith Dem
lightCmds . NavigationLightsl— > Navigation Lights ~ Parameters Select ~
= ] Deceleration 20 mis*2 (defauit)
a K> - @lciriSricDeflection ctriSricDeflection . dA_dFI»— (P> dA_dF
L |
=
(]

P +@lightCmds lightCmds . LandingStrobe— > Landing Strobe

ctriSricDeflection . dR_JEI— P dR_dE
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When you select a connector, you can view and edit the stereotypes assigned to the connector.

® [{

O E a0l eges

~ @R

W scBampleSmallUAVModel

FlightComputer >

— x | Engine X

Flight Supflolt 1 =2

[ scExampleSmalluAVModel ¥ [FFlightComputer ¥

Main Board
> AirData

> EngineStatus.
b FuellLevel

> GPSData

> GS Commands

Jeh

-q

~

Telometry Antenna

RFSgnal [ E— -~ RFSignal

ADSEBData b

Cantrol Surface Cmds >
Light Cmds. 1>
Telemetry

Payload Cmds >

dT b

MADSBData

#fControl Surface Cmds
4fightCmds
Telemeatry

Payload Cmds

numv

Property Inspector
Connector

Connector  Info

v Port selection

Destination
~ Connector
Stereotype

“ RFWiring
RFCable

RFSignal

RFSignal

RFSignal -> RFSignal
Conn

Add..

Select

27 cm

When you select a port, you can view and edit the stereotypes or interfaces assigned to the port.

1-57



1 Architecture Model Editing

<« scBamplesmalluavModel > FlightComputer Fuel System Engine Flight Supflolt( &= | Property Inspector ® X
® :IscE:ampIeSmaIIUM'Model » v Port
“ Architecture Info
@
B3 Flight Support Components v Main
= Name GS Commands
v Interface
- Name architecture_gsCommands -
| s 8 s Act INPUT
a8 -] e ;
D § Z ® Open in Interface Editor edit ...
@ H 2 Stereotype Add..
g - * RFConnector Select
F] 2 - = ConnectorType ‘copper’
-] 3 g2
o 2 8
&= ] < <
FlightComputer
=]
Propulsion
op= ndsf—4 > GS Commands
Payload Crmds [-
daT 4 g dT
. ; EngineStatus [» t EngineStatus Control Surface Cmds [»
L
[ FuellLevel D> b FuelLevel
I'I'l W
Bhb s P
« ¢ >
Interfaces - x
= - .i -] = - By v q Dictionary View = \"_?J
v . scExampleSmallUAVModel sk
~ & architecture_gsCommands
» apConfigParams (param_value_bus
» gsCommands (gs_commands_bus
b uavMission (mission item bus -
L3
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From the Stereotype list, choose an option to apply a stereotype to the model element. Select the
fully qualified name of a stereotype, <profile>.<stereotype>, or create or edit new stereotypes
in the Profile Editor. Use <Add/Edit> when no stereotypes are applied or <New/Edit> when at
least one stereotype is applied. Choose <Remove All> from the Stereotype list to remove all
stereotypes from a model element.

Once you choose a stereotype, select from the list next to the stereotype name. Options include
Remove to remove the stereotype from the element and Reset to default values to reset the
values of the stereotype properties to their defaults. Expand the stereotype to view and edit its
property values.

Use the Parameters list to open the Parameter Editor using the Open Editor option. Reset a
specific parameter to its default value using the Reset to default option. Find the source of the
parameter using Highlight source of parameter. Since parameters can be promoted to higher
parts of the hierarchy, the source of the parameter is not always clear.

View and Edit Interfaces

When you select a data interface on the Interface Editor, you can view and edit the stereotypes in
the Property Inspector.
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« 4 SupervisoryComputer X  FlightComputer *  Fuel System 4xp =5  Property Inspector ® X
® |[7scExampleSmallUAVModel » [=]SupervisoryComputer » v | Interface
Q i ] v Main
3
B Name operatorCmds
SupervisoryComputer '
- - Stereotype Add.. ~
[«
o M ain Board [Data Logger
» EngeaSista
@ ol i FomDum
- &—(b Pasiuna Fghilwm - - Fighiluia
» ¥ Tewrrewy
EI Promctive Cas e
iE] it L i,
O
m -
~ i
Interfaces ® X
S~ ([E]®] [& )= e - |[Searcn q
[ Dictionary View - |
[ 7 == MgnreTmsS | .
» & mission_item_bus
» & operatorCmds
» & param_value_bus =
| ’

Select the edit hyperlink to open the interface in the Interface Editor.

When you select a data element on the Interface Editor, you can view and edit the type, dimension,
unit, complexity, minimum, maximum, and description in the Property Inspector.
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L] W Propulsion % FlightComputer Fusel System Engine Flight Support Components 40 20 Property Inspector @
& |[F]scExampleSmalli&VMadel b = Propulsion b w | Interface : param_value_bus | Blement : param_id
Properties
& Proputsion
[+ Tipe int8
_ Dimensions 1%
.
- Uit
gt 38 [Ra—— Comglexity real
™ . Minimum 0
m e s o Pt i . rrrw— o
[ - - Description Onboard parameter id, terminated by NULL if the length is less than 16 human-readable chars
i}
: i i
e 1R
¥ ¥ [ = .
o= L
Pt by R
=)
- ——
| -~
]
o |
o
Interfaces o x
&-(&kE] (& -l B/~ [ searcn Q(Dictionary View - @]
= & param_value_bus =1
param_count
param_id
param_index
param_toe ot
v

View and Edit Requirements

When you select a requirement with the Requirements Perspective open, you can view and edit the
type, summary, description, and links for the requirement in the Property Inspector.
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|Property Inspector
Requirement: #21

¥ Properties

|Functional  +

Index: 118

Custom ID: |#21

y: |Flight Data Recorder

14S] 4 scBampleSmallUAVModel *  FlightComputer X  FuelSystem >  Engine *  Flight Sbpko &2
® |[F)scExampleSmallUAVModel b [=JFlightComputer » v
L ~
Q
&l
=
Main Board Telemetry Antenna 'q
BE | (b awData RFSignal 1> b RFSignal
I
EI ! EngineStatus ADSBData > | ADSEData
I
D I Control Surface Cmds > —4Control Surface Cmds
b FuelLavel [
I Light Cmds D | 4@lightCmds
> GPSData I
1 Telematry r>| ATelemetry
I G5 Commands Payload Cmds > —4Payload Cmds
| ) |
b PwrStatus dT b —4dT
g d J
- Wiy nmv
« ¢ >
Requirements - scExampleSmallUAVMode! | default view ® x
view: [Requirements | ([ 0@ (%] ([E| =] & |& (@ [selectview v  [search |

=

E 116 210
B 117 219
E 118 221
E 119 222

—
Control Surface Fault-Tolerance
Fuel

INo Payload Flights

Flight Data Recorder

Flight Identification

Description Rationale

Wy [l v[1o v|B 7 U | = »

Aircraft shall provide the means to record all
flight data from every component on board for
the duration of the flight

I(e'ymrds:l

» Revision information:
~ Links

E ¢ Implemented by:

™ Main Board
O Main Board

» Comments

View and Edit Functions

Launch the adaptive cruise control example.

openExample('systemcomposer/ACCSoftwareCompositionExample')

When you select a function on the Functions Editor, you can view and edit the stereotypes for the
function in the Property Inspector.
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ACCSoftwareComposition =T Property Inspector =
@® |[FJACCSoftwareCompasition b - Function
)
G} | Controller v Main
| Name compute_rel_wvelocity
MultiObjectTracker Longitudinal Velocity P P Longitudinal Viloc Sterectype Add.. ~
E Rel Distance b b Rel Distance v Critical Function Select =
Detections & Detectons J Author ‘Edgar’
™ I Rel Velocity r; b Rel Velocity Complesity o
= esturoB—(> Curvahure 0
| MIO Track I:;
& ' TrackerLogging
| < >
Functions Editor ) x
Functions
| [ & [ Order functions by dependency @
[
1 fuse_vision_and_radar SensorfFusion 0.1
2 compute_rel_distance MultiObject Tracker 0.1
3 compute_rel_wvelocity MultiObject Tracker 0.1
4 compute_acceleration Controller 0.1
5 detections_to_tracks MultiObject Tracker 0.2
6 log_tracks TrackerLogging 0.2
See Also
applyStereotype | removeStereotype | createInterface | setInterface | addFunction |
Property Inspector

Related Examples

. “Modeling System Architecture of Small UAV” on page 1-32

. “Authoring Functions for Software Components of an Adaptive Cruise Control” on page 10-34
. “Define Profiles and Stereotypes” on page 5-2

. “Define Port Interfaces Between Components” on page 3-2

. “Manage Requirements” on page 2-8
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Requirements

* “Link and Trace Requirements” on page 2-2
* “Manage Requirements” on page 2-8
* “Update Reference Requirement Links from Imported File” on page 2-15



2 Requirements

Link and Trace Requirements

2-2

This example shows how to work with requirements in an architecture model.

Allocate functional requirements to components to establish traceability. By creating a link between a
component and the related requirement, you can track whether all requirements are represented in
the architecture. You can also keep requirements and design in sync, for example, if a requirement
changes or if the design warrants a revision of the requirements. You can link components to
requirements in Requirements Toolbox™, test cases in Simulink® Test™, or selections in MATLAB®,
Microsoft® Excel®, or Microsoft Word.

A Requirements Toolbox license is required to link, trace, and manage requirements in System
Composer™.

Open the model exMobileRobot.
systemcomposer.openModel ("exMobileRobot");

Manage requirements and architecture together in the Requirements Manager from Requirements
Toolbox. Navigate to Apps > Requirements Manager. You are now in the Requirements Perspective
in System Composer.



Link and Trace Requirements

} |

= @ [

Docking

[#25: Docking station

Communication ;54

b Sensdtiaty Fesdback b —fiFeedback

OB @

=
&

=

» [sh=l

I‘_f'S: Budgets 5

Command =

SansoData g

A ry

] exMobileRobot E| =

: 3

5| @ exMabileRobot ¥ v g

2. 5

= | & exMobileRobot ‘g
E3 g
[=l:

Sensor |_5|

t> InBds SansorData

3

nBus

-
[E1: Mofion

Battery =
OuiBus b

B InBus

E1S: Battery life i

MationData

MotionData

Feadhack b

Requirement links - exMobileRobot

vew: ks~ = e
hd |l'£| exMobileRobiot.slm:x Changed source: 0/12 Changed destination: 0/12

59 Communication (MobileRobotRe... Communication Implements Communication

59 Maotion (MobileRobotRequireme...  exMobilzRobot Implements Maotion

5-7 Audible signals (MobileRobotRe...  AlertGeneration Implements Audible signals

59 Trajectory Planning (MobileRob... Command Implements Trajectory Planning

C’ Battery life (MobileRobotReguire... Battery Implements Battery life

5-7 Sensing (MobileRobotRequirem...  Command Implements Sensing

59 Obstacle reaction (MobileRobot... Command Implements Obstacle reaction

C’ Sensing (MobileRobotRequirem...  Sensor Implements Sensing

C-') Absolute position sensing (Mobil... GPS Implements Absolute position sensing

59 Budgets (MobileRobotReguirem...  exMobileRobot Implements Budgets

C’ Docking station (MobileRobotRe...  exMobileRobot Implements Diocking station

59 Battery charging (MobileRobotR... Battery Implements Battery charging

80% VariableStepAuto

Ready

Links can be created and managed through the Requirements Perspective. For more information, see
“Manage Requirements” on page 2-8. This example shows an alternative approach using the
Requirements Editor.

Open the requirements in the Requirements Editor (Requirements Toolbox).

slreq.load('MobileRobotRequirements');

slreq.editor

Select the requirement to be linked.
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Requirement: #10

Inde IC Details
Al |h| MobileRobotRegquirements * Properties
v E1 #1 Motion Type: Functional -
B 11 #6 Top speed Index: -
B 12 #7 Load capacity T |:1:
B 13 #8 Position accuracy
Summary: |Audib|e signals
> B 2 #4 Trajectory Planning
v E 3 #2 Communication Description | Rationale
v B 31 %10  Audible signals b | Ava viw v|B 7z U ]l E = = =
E 311 #18 Path error Device shall convey operation errors via audible signals.
E 312 =#19 Mechanical errar
E 313 #20 Battery drain
> B 3.2 #16 Command interface
> B 4 #3 Obstacle avoidance
> B s #23 Power
> El 6 #5 Budgets

Keywords:

» Revision information:

¥ Links

El ¢= Implemented by:
D AlertGeneration

Select the component to be linked in the architecture model. Right-click and select Requirements >

Link to Selection in Requirements Browser.
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Link and Trace Requirements

Explore
Open In New Tab

Open In New Window

4 cut Ctrl+X
By cCopy Ctrl+C
[ Ppaste Ctrl+V

Save As Architecture Model...
Create Software Architecture Maodel...
Link to Model...

Add Variant Choice

Apply Stereatype b

Create Spotlight From Component

Format

1. "Sensing"

Link to Selection in MATLAB Editor

Link to Selection in Word
Link to Selection in Excel

Select for Linking with Simulink
Add Link to Selected Object(s)

Open Outgoing Links dialog ...
Delete All Qutgoing Links ..

Copy URL to Clipboard

When you first link a requirement in an architecture model, a link set file with extension .slmx is
created to store requirement links. The Requirements context menu displays the linked
requirements.

You can also create a link using the Requirements Editor. First, select the component in the
architecture model. Then, in the Requirements Editor (Requirements Toolbox), right-click the
requirement and select Link from "<Component Name>" (Component).
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u Requirement: #2

Details
w %] MobileRobotRequirements ~ Properties
v E1 #1 Mation Type: Functiona] -
B 11 #6 Top speed Indec: 3
B 1z #7 Load capacity Custom ID: |2
B 13 #8 Position accuracy
Summary: |Comrnunication
E 2 #4 Trajectory Planning
viE 3 #2 Communication Description Rationale
v B 31 #10 Audible sigr Cut Ctrl+X
El 311 #18  Pathermor Copy Cirl+C
E 312 #19  Mechanical [eEE Ctrl+V
B 313 #20  Baterydra Tass Del
E 32 #16 Command i Add Child Requirement
E 4 #3 Obstacle av Add Requirement after
B s #23 Power Move up
B s #5 Budgets Mave down
Expand All
Collapse All

Link from "Communication” (Component)
Link from Selected Architecture View Element D?

Select for Linking with Requirement

=

You can also create requirement links with blocks and subsystems in Simulink models. For more
information, see “Link Blocks and Requirements” (Requirements Toolbox).

The =l badge on a component indicates that it is linked to a requirement. This badge also shows at

the lower-left corner of the architecture model.

Sensor

L%]

> InBUs

SensorData >




Link and Trace Requirements

To trace requirement links to a component, right-click the Command component and select
Requirements > Open Outgoing Links dialog. Here, you can create new requirements, delete

existing ones, and change their order.

Outgoing Links: Comrmand
Requirements  Document Index
New Trajectory Planning (MobileRobotRequirements#4)
Sensing (MobileRobotRequirements#29)
Up Obstacle reaction (MobileRobotRequirements£30)
Down
Delete
Copy
Description: |Traject=:+r\,-' Planning (MobileRobotRequirements#4)
Document type: | Requirement Set = Use current
Document: | MobileRobotRequirements.slregx ~ Browse...
Location: ;
(Type/Identifier) Named item #4
Keywords: | W |
Cancel Help Apply
See Also
More About
. “Manage Requirements” on page 2-8
. “Organize System Composer Files in Projects” on page 12-2
. “View Requirements Toolbox Links Associated with Model Elements”
. “Design Insulin Infusion Pump Using Model-Based Systems Engineering” on page 9-23

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Manage Requirements

2-8

Requirements are a collection of statements describing the desired behavior and characteristics of a
system. Requirements ensure system design integrity and are achievable, verifiable, unambiguous,
and consistent with each other. Each level of design should have appropriate requirements.

A Requirements Toolbox™ license is required to link, trace, and manage requirements in System
Composer.

To enhance traceability of requirements, link system, functional, customer, performance, or design
requirements to components and ports. Link requirements to each other to represent derived or
allocated requirements. Manage requirements from the Requirements Manager on an architecture
model or through custom views. Assign test cases to requirements using the Test Manager for
verification and validation.

A Simulink Test™ license is required to use the Test Manager and to create test harnesses for
components in System Composer.

A requirement set is a collection of requirements. You can structure the requirements hierarchically
and link them to components or ports.

Use the Requirements Editor to edit and refine requirements in a requirement set. Requirement
sets are stored in SLREQX files. You can create a new requirement set and author requirements using
Requirements Toolbox, or import requirements from supported third-party tools.

A link is an object that relates two model-based design elements. A requirement link is a link where
the destination is a requirement. You can link requirements to components or ports.

View links using the Requirements Perspective in System Composer. Select a requirement in the
Requirements Browser to highlight the component or the port to which the requirement is assigned.
Links are stored externally as SLMX files.

Mobile Robot Architecture Model

This example shows a mobile robot platform architecture.

Manage Requirements

Manage requirements and architecture together in the Requirements Manager from Requirements
Toolbox. Navigate to Apps > Requirements Manager. You are now in the Requirements Perspective
in System Composer.
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exMobileRobot it
® | exMobileRobot P ¥
@ | exMobileRobot
IE [le‘lﬂl‘ﬂﬁn |-q Command ‘i _Eumr _i
D b Sensdfifala Feedback :~ —ifiFeedback SensarDaka ‘.. b IndiliE Lanzaiia b
& Fs &
- -
Decking l;: @: a Feedoack{ >
= :
E
Battery L |Ilutnr
Ousius b P oinBus  MotionData b
R
L
Requirements - exMobileRobot L
View: |Requirements ~ | | %k 3 l@—‘ Search
s
Index 1D summa
bt |h| MaobileRobotRequirements
» B 1 #1 Mation
» B 3 #2 Communication
> E 4 #3 Obstacle avoidance
> E 2 #4 Trajectory Planning
» B 6 #5 Budgets
> B 5 #23 Power

Trace Requirements

When you click a component in the Requirements Perspective, linked requirements are highlighted.
Conversely, when you click a requirement, the linked components are shown.
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'g exMobileRobot B
2| & |E)exmobilerabot b v
)
-l
= | @ | |exMobileRobot
D Communication =/ Command E’| Sensor |
EES: Docking station 3 - .
E "T\ MPLEMENTE b SensorDals Feedback b | —diFesdback SensorDala < (N SehsorDals
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Awror
Diseking Battery _%l Motor Feadback [ =
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A
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B 1 #1 Mation
B 2 #4 Trajectory Planning
E 3 #2 Communication
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Use Requirements Traceability Diagram

Visualize traceability of requirements and how they are related using a traceability diagram.

Change the View option on the Requirements Manager from Requirements to Links. Right-click
the Trajectory Planning requirement link and select View Traceability Diagram.



Manage Requirements

I Trajectory Planning ‘ \I_J Sensing ‘ ‘ | Obstacle reaction

Implements Implements

Implements

D Command

According to this traceability diagram, the Command component implements the three requirements
Trajectory Planning, Sensing, and Obstacle reaction.

Change the View option on the Requirements Manager from Links back to Requirements.

For more information, see “Visualize Links with a Traceability Diagram” (Requirements Toolbox).

Link Requirements

To directly create a link, drag a requirement onto a component or port.
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B

........

Battery

[l

QutBus [

(2] Bl [

|
Y IMPLEMENTS
l#15: Battery life Ly

O B &

iz

L4

L=}
5

Reguirements - exMobileRobot

View: |Requirements ~ | [% O - E=] d ﬁl (Ey

v E 4 #3 Obstacle avoidance
E 41 #29 Sensing
El 42 #30 Obstacle reaction
v E s #23 Power
B 5.1 #15 Battery life
El 52 b #25 Docking station

You can close the annotation that shows the link as necessary. This action does not delete the link.

You can exit the Requirements perspective by clicking the perspectives menu on the lower-right
corner of the architecture model and selecting Exit perspective.

2-12



Manage Requirements

@

e EEs
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exMobileRobot

exMobiIeRobot 14

« | B

exMobileRobot
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For more information on managing requirements from external documents, see “Manage Navigation
Backlinks in External Requirements Documents” (Requirements Toolbox). To integrate the
requirement links to the model, see “Update Reference Requirement Links from Imported File”.

Verify and Validate Requirements Using Test Harnesses

A test harness is a model that isolates the component under test with inputs, outputs, and verification
blocks configured for testing scenarios. You can create a test harness for a model component or for a
full model. A test harness gives you a separate testing environment for a model or a model
component.

For more information, see “Create a Test Harness” (Simulink Test).

Create a test harness for a System Composer component to validate simulation results and verify
design. The Interface Editor is accessible in System Composer test harness models to enable
behavior testing and implementation-independent interface testing.

Use Simulink Test to perform requirement-based testing workflows that include inputs, expected
outputs, and acceptance criteria. For more information on using Simulink Test with Requirements
Toolbox, see “Link to Test Cases from Requirements” (Requirements Toolbox).

Note Test harnesses are not supported for Adapter blocks in architecture models or Component
blocks that contain a Reference Component in software architecture models.

This example uses the architecture model for an unmanned aerial vehicle (UAV) to create a test
harness for a System Composer component. In the MATLAB Command Window, enter this command.

2-13



2 Requirements

2-14

scExampleSmallUAV

To create a test harness for the Airframe component, right-click the component and select Test
Harness > Create for 'Airframe'.In the Create Test Harness dialog box, specify the name of
your test harness and click OK. Your test harness opens in a new window, and the Harness menu is
available in the toolstrip.

Tip If the model component is not fully wired and in an early step in the design process, you can
select the Advanced Properties tab in the Create Test Harness dialog box and select Create
without compiling the model.

scExampleSmallUAVMode]_Harness1 E=
@& |[*a|scExamplesmalluavModel_Harness1 P hd
@ .
= | >
L ciSricDeflection
(S
{2} i lightCmds
[l
a
Signal =pec. Airframe
and routing
» || E
[[] |

Use the Test Manager with the test harness to create test files and test cases. For more information,
see “Test Harness and Model Relationship” (Simulink Test) and “Create Test Harnesses and Select
Properties” (Simulink Test).

See Also

More About

. “Link and Trace Requirements” on page 2-2

. “Import and Export Architectures” on page 13-2

. “Compose Architectures Visually” on page 1-2

. “Organize System Composer Files in Projects” on page 12-2

. “Design Insulin Infusion Pump Using Model-Based Systems Engineering” on page 9-23



Update Reference Requirement Links from Imported File

Update Reference Requirement Links from Imported File

After importing requirement links from a file, update links to reference requirements for the model to
make full use of the Requirements Toolbox™ functionality.

model = systemcomposer.openModel ("reqImportExample");

Note: Importing or linking requirements may not work with a web-based Microsoft® Office file
stored in SharePoint or OneDrive. Use a local copy of the file.

Import Requirement Links from Word File

Open the Microsoft® Word file Functional Requirements.docx with the requirements listed.
Highlight the requirement to link.

In the model, select the component to which to link the requirement. Right-click the component and
select Requirements > Link to Selection in Word.
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Flight S

Explore
Open
Open In New Tab
Open In New Window
Vv
© & Cut Ctrl+X
§ 33 Copy Ctrl+C
§ Y Paste Ctrl+V
a Delete Del
&
0] Save As Architecture Model...
8 Link to Model...
7]
% Add Variant Choice
[ Vv Apply Stereotype »
FlightC:
| Create Spotlight From Component
Format ’
> GS Com e 5
Signals & Ports ’
< dT
Requirements »
> EngineSt Properties...
Help
B> FuelLevel
lightCmds >
P> PwrStatus
v
=
I3
E
€
2

Export Model and Save to External File

Export the model and save to an external file.

Link to Selection in Requirements Browser
Link to Selection in MATLAB
Link to Selection in Word I

Link to Selection in Excel

Select for Linking with Simulink
Add Link to Selected Object(s)

Open Outgoing Links dialog ...

Copy URL to Clipboard

exportedSet = systemcomposer.exportModel("regqImportExample");
SaveToExcel("exportedModel",exportedSet);
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Update Reference Requirement Links from Imported File

Import Requirement Links from File and Import to Model

Use the external file to import requirement links into another model.
structModel = ImportModelFromExcel("exportedModel.x1ls","Components", "Ports",

"Connections","PortInterfaces", "RequirementLinks");
structModel.readTableFromExcel

systemcomposer.importModel (" regNewExample",structModel.Components,
structModel.Ports,structModel.Connections, structModel.Interfaces,structModel.RequirementLinks);

Update Links to Reference Requirements
To integrate the requirement links to the model, update references within the model.
systemcomposer.updateLinksToReferenceRequirements (" reqgNewExample", "linktype rmi word","Functiona

Open the Requirements perspective from the bottom right corner of the model palette to view the
requirements.

]
L=

)

Requirements

See Also
importModel | exportModel | updateLinksToReferenceRequirements

More About
. “Link and Trace Requirements” on page 2-2
. “Manage Requirements” on page 2-8

. “Import and Export Architecture Models” on page 13-5
. “Custom Link Types” (Requirements Toolbox)
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Interface Management

* “Define Port Interfaces Between Components” on page 3-2
* “Create Interfaces” on page 3-4

* “Assign Interfaces to Ports” on page 3-9

* “Interface Adapter” on page 3-16

* “Manage Interfaces with Data Dictionaries” on page 3-21

+ “Reference Data Dictionaries” on page 3-23
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Interface Management

Define Port Interfaces Between Components

3-2

A systems engineering solution in System Composer includes a formal definition of the interfaces
between components. A connection shows that two components have an output-to-input relationship,
and an interface defines the type, dimensions, units, and structure of the data.

A data interface defines the kind of information that flows through a port. The same interface can be
assigned to multiple ports. A data interface can be composite, meaning that it can include data
elements that describe the properties of an interface signal.

Data interfaces represent the information that is shared through a connector and enters or exits a
component through a port. Use the Interface Editor to create and manage data interfaces and data
elements and store them in an interface data dictionary for reuse between models.

A data element describes a portion of an interface, such as a communication message, a calculated or
measured parameter, or other decomposition of that interface.

Data interfaces are decomposed into data elements:

* Pins or wires in a connector or harness.
* Messages transmitted across a bus.
» Data structures shared between components.

A value type can be used as a port interface to define the atomic piece of data that flows through that
port and has a top-level type, dimension, unit, complexity, minimum, maximum, and description.

You can also assign the type of data elements in data interfaces to value types. Add value types to
data dictionaries using the Interface Editor so that you can reuse the value types as interfaces or
data elements.

Use interfaces to describe information transmitted across connections through ports between
components.

* “Create Interfaces” on page 3-4: Design interfaces and nested interfaces in the Interface
Editor with data interfaces, data elements, and value types.

* “Assign Interfaces to Ports” on page 3-9: Assign data interfaces and data elements to ports.
Define owned interfaces local to ports.

* “Manage Interfaces with Data Dictionaries” on page 3-21: Save external interface data
dictionaries to reuse between different models, link data dictionaries to architecture models, and
delete data interfaces from data dictionaries.

+ “Reference Data Dictionaries” on page 3-23: Reference data dictionaries so you can selectively
share interface definitions among models. Manage referenced data dictionaries in the Model
Explorer.

* “Interface Adapter” on page 3-16: Use an Adapter block to help connect two components with
incompatible port interfaces by mapping between the two interfaces. Use the Interface Adapter
dialog by double-clicking the Adapter block to map between interfaces, apply an interface
conversion that breaks algebraic loops with unit delays, insert a rate transition for different
sample time rates, or use the Adapter block as a Merge block to merge message lines for
architecture models or both message and signal lines for software architecture models. When
output interfaces are undefined, you can use input interfaces in bus creation mode of the Interface
Adapter to author owned output interfaces as you work.



Define Port Interfaces Between Components

The architecture model below represents an adapter, an interface data dictionary, a data interface, a
data element, and a value type.

archModel

archModeI »

@®

archModel

& @ &1 O

ik

|

> lPowerSource {rWirel&ssSignal
—H

Power 3}%

I
PowerSource— PowerSource

Chaies

adapter

Interfaces

[ Dictionary View - |

S~ | @[~ (8] &~ |[&]|[seare

/ interface data dictionary

Type

Dimensions

Units

~ @ archDictionary sldd

~ & Charger+—data interface

Voltage {VoltageTy‘pe]\

VoltageType

W

Wiring +— data element

double

~ & RobotPower

RobotVoltage (VoltageType)

VoltageType

W

Wires

double

[+ VoliageType «—value type

double

W

Note System Composer interfaces mirror Simulink interfaces that use buses and value types. For
more information, see “Simplify Subsystem and Model Interfaces with Bus Element Ports”, “Specify
Application-Specific Signal Properties”, and “Implement Component Behavior Using Simulink” on

page 7-2.

See Also

More About

. “Specify Physical Interfaces on Ports” on page 7-24
. “Author Service Interfaces for Client-Server Communication” on page 10-41
. “Modeling System Architecture of Small UAV” on page 1-32

. “Modeling System Architecture of Keyless Entry System” on page 11-25
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Create Interfaces

3-4

In this section...

“Mobile Robot Architecture Model” on page 3-4
“Open Interface Editor” on page 3-4

“Create Composite Data Interfaces” on page 3-5
“Create Value Types as Interfaces” on page 3-6
“Nest Interfaces to Reuse Data” on page 3-7

You can create interfaces between components in System Composer to structure transmitted data.
Use composite data interfaces with data elements or value types to manage data defined on ports.
Assign a data interface or value type to a data element so the data element inherits attributes and
reuses data. Use the model below as a starting point before adding interfaces using the Interface
Editor. For interfaces terminology, see “Define Port Interfaces Between Components” on page 3-2.

To manage interfaces shared between models in data dictionaries, see “Manage Interfaces with Data
Dictionaries” on page 3-21. For information on physical interfaces, see “Specify Physical Interfaces
on Ports” on page 7-24.

Mobile Robot Architecture Model

This example shows a mobile robot platform architecture.

Open Interface Editor

To open the Interface Editor, navigate to Modeling > Interface Editor. The Interface Editor will
open at the bottom of the canvas.



Create Interfaces

exMobileRobot iz}
@® |[FexMobileRobot b A
® | exMobileRobot
|
D Communication Command Sensor
—
E [> SensofData Feedback > —@lFeedback SenzorData < & InBis SénsorData >
A A A
w w
=2 = S
Dacking £ 2 Pl Feedbackl+ >
-
Q
3
. - =
Battery Motor
l
OutBus = [ InBus MotionData =
[T
» | i
Interfaces @ x
= - | |§l| i |Eﬁl|| Search Q|(Dictionary View - | @
Type Dimensions Units Complexity Minimum Maximum Description

i@ exMobileRobot six

Note The System Composer Interface Editor is a web-based widget and might appear blank when
you first launch it. If this occurs, save the model and relaunch MATLAB with the command line option
-cefdisablegpu.

Create Composite Data Interfaces

[ra—
To add a new data interface definition, click the == icon. Name the data interface sensordata.

il 2

exMobileRobot.slx

&= sensordata

To add a data element to the data interface, click the

names must be valid MATLAB variable names.

* ¥ exMobileRobot.six

-

é sensordata
coordinates

motorSpeed

‘r""v icon. Data interface and data element
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You can delete data interfaces and data elements in the Interface Editor using the b button.

You can view and edit the properties of an element in the Property Inspector. Right-click the data
element and select Inspect Properties. For data interfaces, use the Property Inspector to apply

stereotypes.
Property Inspector ¥ x
Interface : sensordata | Element : motorSpeed
Properties
Type double
Dimensions 1
Units
Complexity real
Minimum M
Maximum 0
Description

For a comparative view, you can edit data element properties from the relevant Interface Editor

columns.
Type Dimensions Units Complexity Minimum Maximum Description
v @ exMobileRobot.slx
v & sensordata
coordinates double 1 real 1] il
motorSpeed double 1 [mg ]| real il il

Create Value Types as Interfaces

To add a value type in the Interface Editor, select the down arrow next to the = icon and select

Value Type. Name the value type motorSpeedType. Value type names must be valid MATLAB
variable names.

Interfaces

=8 & - lligd | :=8 -||Sear-:h O\][Dictionary\ﬁe\-‘.' v |
Eg';ﬁgsiﬁ?egaf: TIETEEE Type Dimensions Units Complexity

[ Value Type

Add value type I\
V\

(& Physical Interface
Add physical interface

Right-click the motorSpeed data element and select Set "Type' > motorSpeedType. The data
element motorSpeed is assigned to the value type motorSpeedType.
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Type Dimensions Units Complexity
~ @ exMobileRobot slx
v & sensordata
coordinates double 1 real
motorspeed e 1 mis real
Inspect Properties. ..

5] motorSpeedTy 1 real

Set 'Type ¢ | motorSpeedTy Dﬂ

L

Any data changes on the motorSpeedType value type is propagated to the motorSpeed data
element. You can reuse value types any number of times. Data changes on a value type will propagate
to each data element that uses the value type.

Nest Interfaces to Reuse Data

A nested interface contains another data interface. Create a nested data interface by assigning a data
interface as the type of a data element. For information about the corresponding buses, see “Create
Bus Objects Using Type Editor”.

For example, let coordinates be a data interface that consists of X, y, and z coordinates. The
GPSdata data interface includes location and a timestamp. If the Llocation data element is in
the same format as the coordinates interface, you can set its type to coordinates. Right-click
location and select Set "Type' > coordinates. The available interface options include all value
types and all data interfaces in the model, except the parent of the data element.

Type Dimensions Units Complexity Minimum Maximum
~ @ exMobileRobot six

~ & sensordata

coordinates double 3 cm real 0 100

motorSpeed (motorSpeedType) | motorSpeedType 1 mis real 0 35

[ motorSpeedType double 1 mis real 0 35

~ & coordinates

X double 1 cm real 0 100

¥ double 1 cm real 0 100

z double 1 cm real 0 100
~ & GP3data

timestamp double = real ] 1l

sensordata
location Aoubln real 1] 1l

Inspect Properties... | molorSpeedType

The nested data interface displays the inherited data elements.



3 Interface Management

Type Dimensions Units Complexity Minimum Maximum
~ &= GPSdata
timestamp double 1 real 0
~ location (coordinates) | coordinates 1
X double 1 cm real 100
y double 1 cm real 100
z double 1 cm real 100

Note To change the number of columns that display in the Interface Editor, click the E"!’ icon.
Select or clear the desired columns to show or hide them.

Interfaces ® x
|§l |§l| j |BS.] = || Search Q[ Dictionary View - |
SHOW HIDE COLUMNS ] ]
Type Type sions Units
~ [@ exMobileRobot slx PR
» & sensordata Unite
[ motorSpeedType double - mis
Complexity
» & coordinates
EGPSG - Minimum
] a
[ Maximum
[] Description
See Also
Functions
addInterface | removelnterface | addElement | removeElement | connect | setInterface |
addValueType
Blocks
Component
More About
. “Define Port Interfaces Between Components” on page 3-2

. “Specify Physical Interfaces on Ports” on page 7-24
. “Modeling System Architecture of Small UAV” on page 1-32
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Assign Interfaces to Ports

Assign Interfaces to Ports

In this section...

“Mobile Robot Architecture Model with Interfaces” on page 3-9
“Associate Ports with Interfaces in Property Inspector” on page 3-9
“Assign Interfaces to Ports Using the Context Menu” on page 3-10
“Define Owned Interfaces Local to Ports” on page 3-10

“Select Multiple Ports and Assign Data Interface” on page 3-12

“Specify Source Element or Destination Element for Ports” on page 3-13

“Enable Interface Compatibility Edit-Time Check” on page 3-14

A port interface describes the data that can be passed between ports in a System Composer
architecture model. Data elements within the interface describe characteristics of the data
transmitted across the interface. Data elements can describe the composition of a data interface,
messages transmitted, or data structures shared between components. For interfaces terminology,
see “Define Port Interfaces Between Components” on page 3-2.

This topic will show you how to:

* Use the Property Inspector to assign data interfaces to one port at a time or the Interface
Editor to assign data interfaces to multiple ports.

+ Manage owned interfaces that are local to a port and not shared in a data dictionary.

* Assign interfaces to multiple ports at the same time.

* Connect components through ports and specify the source element or the destination element for
the connection.

* Use the interface compatibility edit-time check.
Incompatible data interfaces on either end of a connection can be reconciled with an Adapter block
using the “Interface Adapter” on page 3-16. To manage interfaces shared between models in data

dictionaries, see “Manage Interfaces with Data Dictionaries” on page 3-21. For information on
physical interfaces, see “Specify Physical Interfaces on Ports” on page 7-24.

Mobile Robot Architecture Model with Interfaces

This example shows a mobile robot hardware architecture with interfaces defined.

Associate Ports with Interfaces in Property Inspector

To assign data interfaces or value types to one port at a time, use the Property Inspector. To open
the Property Inspector, navigate to Modeling > Property Inspector. To show the SensorData
port properties, select the port in the model. Expand Interface, and from the Name list, select
sensordata to associate the sensordata interface with the SensorData port.
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3-10

Property Inspector

o)

Port

Architecture Irific

~ Main
Mame SensorData
~ Interface

Mame Create or Selact . -
Achior data
Open in Interface Editor thDr.SPEEdT!'IPE
coordinates
Stereotype GPSdata
<owned =
<empty=>

Assign Interfaces to Ports Using the Context Menu

After you select an interface from the Interface Editor, right-click a port. If the selected interface is
compatible with the port, select Apply selected interface: <interface name> to assign the
interface to the port. If a port already has an interface assigned, when you right click the port, you
can select Clear interface: <interface name> to remove the interface.

After you select a port from the architecture canvas, right-click an interface on the Interface Editor.
To assign the interface to the port, select Assign to Selected Port(s).

Define Owned Interfaces Local to Ports

You can select a value type or data interface from the model data dictionary in the Property
Inspector, or you can create an owned interface.

An owned interface is an interface that is local to a specific port and not shared in a data dictionary
or the model dictionary.

Create an owned interface to represent a value type or data interface that is local to a port.

Note Owned interfaces and value types do not have their own names because they are local to a port
and not shared. The name of the owned interface is derived from the port name.

Manage Owned Interfaces Using Property Inspector

You can edit the data for the owned interface in the Property Inspector. Select the Docking
architecture port. In the Property Inspector, under Interface, from the Name list, select <owned>.



Assign Interfaces to Ports

Property Inspector (*)
Port
Architecture Info
¥ Main
Name Docking
v Interface
Mame Create or Select ... ~
Action GPSdata
S i Interf coordinates
Pen in Intertace... motorSpeedType
Stereotype 'sensordata
<owned>
<empty:>

By default, the owned interface Docking becomes an owned value type. Edit interface attributes
directly in the Property Inspector, or select Open in Interface Editor to edit the owned value

type interface.

Interfaces ® x
& T | - By |~ || Search Q Port Interface View v 3,
. Type - Dimensions . Units |
O Docking | double 1
To convert the owned value type into an owned data interface, click = to add a data element.
Manage Owned Interfaces Using Interface Editor
You can also work exclusively from the Interface Editor. Select the component port named
Feedback. In the Interface Editor, change from Dictionary Viewto Port Interface View.
Interfaces ® X
l=u'—'- -| Q‘ v ] ,;;"-- - E.T- - Search Q Dictionary View v [3, |
. Dictionary View |

Type I Dimg its
| Port Interface View [

» @ exMobileRobotinterfaces six

Click =7 to add data elements to the owned data interface.
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Interfaces ® x
—V | -] o v E,r - Z-_—- QI Port Interface View - \"j
Type Dimensions Units
~ '®- Feedback |
ComputedSignal double
Userinput double

To convert the owned data interface to an owned value type, change the Type for Feedback to a valid
MATLAB data type, such as double.

Make Owned Interfaces into Shared Interfaces

To convert an owned interface into a shared interface, right-click the port with the owned interface
and select Convert to shared interface. Alternatively, use the makeOwnedInterfaceShared
function.

Select Multiple Ports and Assign Data Interface

Multiple ports, whether they are connected or not, can use the same data interface definition. When
you assign a data interface to a port, the interface is automatically propagated to connected ports,
provided they do not already have assignments. To simplify batch assignments, select multiple ports,
right-click the data interface, and select Assign to Selected Port(s).

Highlight the ports that use a data interface definition by clicking the interface name in the
Interface Editor.
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exMobileRobotInterfaces =
= De:MoblIeRobotlnteﬂaces » A
Q exMobileRobotinterfaces
&
=
™ Communication Command Sanaor
G- SensofData Feedback [ —@Feedback SensorData f) > N85 Sansoata :)
=
. FaY A
. ] 2 avy’
& Jockin 2 E a8 ackip b
[
&= 3
) =
Battery Motor
OutBus > P InBus MotionData b)
i
» g h
Interfaces @ x
%' - |(——u &5 -i -] _f,' — B,,, « || searen QI Dictionary View - 2 .
Type Dimensions Units Complexity Minimum Maximum Description
v @ exMobileRobotinterfaces.skx
» & GPSdata
+ & coordinates
[] motorSpeedType double 1 mis real 0 35
I o é sensordata
motorSpeed (motorSpeedType) motorSpeedType | 1 mis real 0 35
coordinates [ double [ 3 [ cm [ real 0 | 100

Specify Source Element or Destination Element for Ports

For connections between the root architecture and a component within the architecture model, you
can add a source element or destination element to the ports.

1 Create a component called Motor and connect it to the root architecture with ports named
MotionData and SpeedData.
Define the data interface Wheel with the data elements RotationSpeed and MaxSpeed.
Assign the Wheel data interface to the ports on the connection.

Select the MotionData port name on the component. A dot and a list of data elements appear.
From the list, select the source element RotationSpeed.

5 Assign the MaxSpeed destination element to the SpeedData port.
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exMobileRobot
® [JexMobileRobat b

o
@ exMobileRobot
=
2| e
U SpeedData . MaxSpeed > SpeedData MotionData dMotionData . RotationSpeed
;‘j
=)
- | eh
- -}
Interfaces v X
= - Edl 1R g || Search Q| Dictionary View 2
Type Dimensicons Units
* @ exMobileRobol six
¥ = Wheel
RotationSpeed double mis
MaxSpeed double mis
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Enable Interface Compatibility Edit-Time Check

Edit-time checks report warnings as you build the model and require a Simulink Check™ license.
Types of warnings for interface compatibility include:

* Shared interfaces defined in an interface data dictionary are incompatible across ports on a
connection if different interfaces are assigned to different ports.

* Owned interfaces defined locally on ports are incompatible across ports on a connection if the
value type or data elements do not have the same structure.

To enable edit-time checks on your architecture model, navigate to Modeling > Model Advisor >
Edit-Time Checks. Select the Edit-Time Checks check box.

Connectors highlighted in yellow signify an interface mismatch between different ports on the same
connector. If you click the warning symbol, you see the edit-time check message and a suggestion for
what to do.
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B EEan eEn e

P

x_RobotArch Mismatched port interfaces for connector ('interface(’ vs
[Tex_Robothrch b "interface1’)
Insert Interface Adapter to create mapping Fix
ex__RobotArch between interfaces
@ Suppress @
Sensors
Encoder <4
v

5

[

S

> @ TargetPosition . Trajectory an Img & ) Mon
KA
SensorData < P SensorData

TargetPositionl— P> TargetPosition
MotionCommand >

Encoder [
B MotionCommand

For incompatible interfaces on different ports on the same connection, such as different data
interfaces, you can fix the problem by adding an Adapter block to define interface mappings.

See Also

Functions

connect | getDestinationElement | getSourceElement | createOwnedType |

createlInterface | makeOwnedInterfaceShared

Blocks
Component | Adapter

More About

. “Define Port Interfaces Between Components” on page 3-2

. “Specify Physical Interfaces on Ports” on page 7-24

. “Modeling System Architecture of Small UAV” on page 1-32
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Interface Adapter

A source port and its destination port may be defined by different data interfaces. Such a connection
can represent an intermediate point in design, where components from different sources come
together. To connect components with different data interfaces, use an Adapter block and the
Interface Adapter dialog. For interfaces terminology, see “Define Port Interfaces Between
Components” on page 3-2.

An adapter helps connect two components with incompatible port interfaces by mapping between the
two interfaces. Use the Adapter block to implement an adapter. Open the Interface Adapter by
double-clicking an Adapter block on the connection between the ports.

Use the Interface Adapter in System Composer™ to map interface elements between two ports. You
can also use the Interface Adapter to apply an interface conversion that breaks algebraic loops with
unit delays, inserts a rate transition for different sample time rates, or merges two or more message
or signal lines. When output interfaces are undefined, you can use input interfaces in bus creation
mode of the Interface Adapter to author owned output interfaces.

systemcomposer.openModel ("exMobileRobotInterfaces");

Map Incompatible Interfaces

When two connected components with Simulink® behaviors have incompatible interfaces, use an
Adapter block and the Interface Adapter to define the port connections.

1 Add an Adapter block on the connection between the two components.

2 Double-click the block to open the Interface Adapter dialog box.

3 Inthe Select input box, select a data element. In the Select output box, select a data element.
4 Click the Map and Overwrite button.

exMobileRobotinterfaces

8 Dnh’.oh leRobotinterfaces P

@ "
" exMobileRobotInterfaces
B3
L=l
=
: Communication Command Sensor
? B Edit Interface Mappings : Interface Adapter - [u] ® |
— | Create and edit mappings between input and output interfaces. > InBis SansorDala b
Mappings Create new mapping
Apply interface conversion: | None = Select input Select output A
. m
MotorData ¥ MotionData =
Input Output ; 2
=
1 MotorData MotionData y %
Map and z =
O-.'er[glte
> e
MatorData MotionData
- "MotorData’ mapped to
s Remove "MotionData’
m.
» cancal | ||| hoay
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Interface Adapter

You can use an Adapter block to map similar interfaces for an N: 1 connection, which is an Adapter
with more than one input port and a single output port. A data element from each input connection

maps to the output connection data elements.

Change the number of input ports on an Adapter block in the same way you add and remove
component ports. For more information, see “Compose Architectures Visually” on page 1-2.

exMobisfobotintenaces

@ |[F]exmobileRobotinterfaces ¥

@

|

exMobileRobotinterfaces

B¢ Edit Interface Mappings : Interface Adapter

Create and edit mappings between input and output interfaces, Sensor
Mappings {unsaved changes ***) Create new mapping
Apply interface conversion: | None = Select input Select output < b Serisor SensorData b
Mator ¥ Sensor o
- R
Input Dutput v Command coordinates Commgnd Sepsor
1 Motor Sensor.matorSpeed timestamgp motorSpesd 5 A
¥ location E 2
- 2 2
¥ Map a5 [a]
% 2 2
¥ - = %
.y =

R

el ||

Use Unit Delay to Break Algebraic Loop

+ Command MotionData b

When connecting two components with port connections in both directions, an algebraic loop can
occur. To break the algebraic loop, use an Adapter block to insert a unit delay between the

components.

1 Add an Adapter block on the connection between the two components.

2 Double-click the block to open the Interface Adapter dialog box.

3 From the Apply interface conversion list, select UnitDelay.

Use Rate Transition Between Simulink Behaviors

When connecting two reference components, the Simulink models the components reference can
have different sample time rates. For compatibility, use an Adapter block to insert a rate transition

between the components.

1 Add an Adapter block on the connection between the two components.

2 Double-click the block to open the Interface Adapter dialog box.

3 From the Apply interface conversion list, select RateTransition.

Use Adapter Block as Merge Block

Use an Adapter block as a Merge block to merge multiple message lines for system architecture
models or merge multiple signal and message lines for software architecture models.
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1 Add an Adapter block on the connection between the two components.
2 Double-click the block to open the Interface Adapter dialog box.
3 From the Apply interface conversion list, select Merge.

Use Bus Creation Mode to Author Owned Interfaces

When input ports for an Adapter block are typed by interfaces from incoming connections and no
interfaces are defined on the output ports of the Adapter, you can use these interface elements to
author owned interfaces for outgoing connections. Instead of pre-defining interface structures, you
can create the bus structure.

systemcomposer.openModel ("SewingMachine");

1. Double-click the Adapter block to open the Interface Adapter dialog in bus creation mode.

2. Click the ED' button to add the input data element Torque to the output port interface for the
port named Signal.

B Edit Interface Mappings : Interface Adapter - O X
Create and edit mappings between input and output interfaces.
Mappings Create new mapping
Apply interface conversion: | None - Search Inputs | ‘—u h Outputs
Input Qutput Select input Select output
1 Needle.Displacement Signal.Displacement ¥ Needle ¥ Signal
+" Displacement +" Displacement
¥ Rotor
Torque Add selected input to output port interface.
Speed
Remove
Cancel Help

3. Click the 23 button to remove the output data element Displacement from the output port
interface for the port named Signal.
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W Edit Interface Mappings : Interface Adapter

Create and edit mappings between input and output interfaces.

| ‘SEDI'CW Outputs

Mappings Create new mapping
Apply interface conversion: | None - Search Inputs
Input Output Select input
1 MeedleDisplacement Signal.Displacement A N99d|9_
2 Rotor.Torque Signal.Torque + Displacement
“ Rotor
¥ Torque
Speed

Select output
~ Signal
+ Displacement
+ Torque

| Remove selected output from output port interface.

'Rotor. Torque’ mapped to

Remove 'Signal.Torque”

'Signal.Displacement’ mapped to
'Needle.Displacement’

Cancel Help
4. Click OK to apply the changes.
SewingMachine = | Property Inspector ® x
@ [ZSewingMachine » v | Port
: ~ | Architecture  Info
«Q SewingMachine
EZ ~ Main
MName Signal
= , 2
Sensor v Interface
Name <owned> ~
D Noadle B Action INPUT
Open in Interface Editor edit ...
Controller Stereotype Add.. v
-+ MNeed L {
ler ] L Signal P> Signal
Rotor
Motor
||
E‘ Rotor b
O
@ Hh .
. < >
Interfaces ® %
= .| = |i’.:| i Ee ~ | Searcn Q|(Port Interface View  ~ |
Type Dimensions Units Complexity Minimum I
- O Signal
Torque double 1 real 0 1]

The owned interface on the output port of the Adapter block propagates to the connected input port
Signal on the Controller component. The owned interface contains one element, Torque.
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To convert an owned interface into a shared interface, right-click the port with the owned interface
and select Convert to shared interface.

See Also

Blocks
Adapter | makeOwnedInterfaceShared

More About

. “Define Port Interfaces Between Components” on page 3-2
. “Merge Message Lines for Architectures Using Adapter Block” on page 7-29
. “Merge Message Lines Using Adapter Block” on page 10-32
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Manage Interfaces with Data Dictionaries

In this section...

“Mobile Robot Architecture Model with Interfaces” on page 3-21
“Save, Link, and Delete Interfaces” on page 3-21

Engineering systems often share interface definitions across multiple components or subsystems.

Data interfaces in System Composer can be stored either locally in a model or in a data dictionary,
depending on the maturity of your system. For interfaces terminology, see “Define Port Interfaces

Between Components” on page 3-2.

An interface data dictionary is a consolidated list of all the interfaces and value types in an
architecture and where they are used.

Local interfaces on a System Composer model can be saved in an interface data dictionary using the
Interface Editor. You can reuse interface dictionaries between models that need to use a given set
of interfaces, elements, and value types. Linked data dictionaries are stored in separate SLDD files.

For more advanced dictionary referencing techniques, see “Reference Data Dictionaries” on page 3-

23.

Mobile Robot Architecture Model with Interfaces

This example shows a mobile robot hardware architecture with interfaces defined.

Save, Link, and Delete Interfaces

By default, interfaces are stored within the architecture model and are not visible outside the model.
If you are in the initial stages of building a system model, store interfaces locally to limit the number

of files that need to be managed. However, if your model is mature to the point of leveraging

componentization workflows like reference architectures and behaviors, storing interfaces in a data

dictionary gives you the ability to share interface definitions across the model hierarchy.

Use the = menu to save a data interface to a new or existing data dictionary. To create a new data

dictionary, select Save to new dictionary. Provide a dictionary name.

Interfaces OB ¢

al

o

&

2, ~ || &6 - (A ] il ~ |8y ~ | Search Q| Dictionary View - @

Type Dimensions Units

7. robotinterfaces.sldd

» & GPSdata
» & coordinates
[ motorSpeedType double 1 m/s

b = sensordata

You can also add the interface definitions in the model to an existing data dictionary by selecting
Link existing dictionary.
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Use the & button to import interface definitions from a Simulink bus object, either from a MAT-file or
the workspace.

Delete a data interface from a dictionary using the & button. If the data interface is already being
used by ports in a currently open model, the software returns a warning message. The data interface
is then removed from any ports in the open model that are associated with the data interface.

If a data interface is deleted from a dictionary upon opening another model that shares the dictionary,
a warning will be presented on startup if the deleted interface is used by ports in that model. The
Diagnostic Viewer offers an option to remove the deleted interface from all ports that are still using
it. You can also select ports individually and delete their missing interfaces.

Interfaces

& |&s @. i -: &~ :,g: i v ||EE - t. Q Dictionary View - \3,
Type Dimensions Units
~ @ robotinterfaces sidd 4. Confirm delete interface - X
» & GPSdata

» & coordinates
[4] motorSpeedType

dq
» & sensordata ‘ J Yes, delete interface

Are you sure you want io delete interface: ‘sensordata*? I

| This will remove interface from all ports associated with that interface.
This action cannot be undone.

Help

|'—l
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A System Composer model and a data dictionary are separate artifacts. Even when the data
dictionary is linked to the model, changes to the data dictionary (a .sldd file) must be saved
separately from changes to the model (a . s1x file). To save changes to a linked data dictionary, use

the = button and select Save dictionary. Once a data dictionary is saved, other models can use

its interface definitions by linking to the data dictionary, allowing multiple models to share the same
interface definitions.

See Also

createDictionary | openDictionary | saveToDictionary | linkDictionary |
unlinkDictionary | makeOwnedInterfaceShared

More About
. “Specify Physical Interfaces on Ports” on page 7-24
. “Define Port Interfaces Between Components” on page 3-2



Reference Data Dictionaries

Reference Data Dictionaries

In this section...

“Add Referenced Data Dictionaries” on page 3-23

“Use Referenced Data Dictionaries for Projects with Multiple Models” on page 3-24

Referenced dictionaries in System Composer may be useful when multiple models need to share
some, but not all, interface definitions. and to allow communication between the models. A data
dictionary can reference one or more other data dictionaries. The interface definitions in the
referenced dictionaries are visible in the parent dictionary and can be used by a model that is linked
to the parent dictionary. For interfaces terminology, see “Define Port Interfaces Between
Components” on page 3-2.

To create a data dictionary from interfaces in a model dictionary, see “Manage Interfaces with Data
Dictionaries” on page 3-21.

Add Referenced Data Dictionaries

To add a dictionary reference, open the Model Explorer by clicking -Fg, or by navigating to
Modeling > Model Explorer.

On the right side of the Model Explorer app, click Add, then select the file name of the data
dictionary to add as a referenced dictionary. To remove a dictionary reference, highlight the
referenced dictionary, then click Remove.

B O

Model Hierarchy

D

El = E Contents of: .. ictionary 'D:\Examples\myDictionary.sldd' (only)

Data Dictionary: myDictionary

~ P Simulink Root

Column View: | Dictionary Objects ¥ | Show Details D object(s) ﬂ‘ Information for: myDictionary
Base Workspace N
L e .“. e File: D:\Examples\myDictionary.sldd
& mypictionany” Created: 2020-12-22 08:15
exMobileRobat Last Modified: 2020-12-22 08:16

Last Saved: 2020-12-22 08:15
Unsaved Changes: yes (ShowChanges)

£ >

Referenced Dicticnaries

miyDictionary Add
otherDictionary (4) View Hierarchy
Remove

Open

|:| Enable dictionary access to base workspace

Help

> Contents Search Results
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The Interface Editor shows all interfaces accessible to a model, grouped based on their data
dictionary files. In this example, myDictionary. sldd is the data dictionary linked to the model, and
otherDictionary.sldd is a referenced dictionary.

Type Dimensions Units Complexity Minimum Maximum Description

~ i@ myDictionary sldd
& Feedback
& MotionData
& sensorData

~ |g otherDictionary sldd
& Docking
& Otherinteriace

& Ctherinterface2
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The model can use any of the interfaces listed. You can modify the contents of referenced dictionaries
in the Interface Editor.

Note Referenced dictionaries can reference other data dictionaries. A model that links to a
dictionary has access to all interface definitions in referenced dictionaries, including indirectly
referenced dictionaries.

Use Referenced Data Dictionaries for Projects with Multiple Models

A project may contain multiple models, and it may be useful for the models to share interface
definitions that are relevant to data flows and other communications between models. For more
information, see “Organize System Composer Files in Projects” on page 12-2,

At the same time, each model may have interface definitions that are relevant only to its internal
operations. For example, different components of a system may be represented by different models,
with different teams or different suppliers working on each model, with a system integrator working
on the "top" model that incorporates the various components. Referenced data dictionaries provide a
way for models to share some but not all interface definitions.

In such a multiple-team project, set up a "shared artifacts" data dictionary to store interface
definitions that will be shared by different teams, then set up a data dictionary for each model within
the project to store its own interface definitions. Each data dictionary can then add the shared data
dictionary as a referenced data dictionary. Alternatively, if a model does not need its own interface
definitions, that model can link directly to the shared data dictionary.
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mSystem.slx
Simulink Model

S

mSupplierA skx mSupplierB slx
Simulink Model Simulink Model
- O O

dSystem sldd dSupplierA.sldd
Simulink Data Dictionary Simulink Data Dictionary
W WS

Simulink Data Dictionary

dahared.sldd ‘

The above diagram depicts a project with three models. The model mSystem. s1x represents a
system integration model, and mSupplierA.slx and mSuppierB.slx represent supplier models.
The data dictionary dShared. sldd contains interface definitions shared by all the models. The
system integration model is linked to the data dictionary dSystem. sldd, and the Supplier A model is
linked to the data dictionary dSupplierA.sldd; each data dictionary contains interface definitions
relevant to the corresponding model's internal workflow. The data dictionaries dSystem. sldd and
dSupplierA.sldd both reference the shared dictionary dShared.sldd. The mSuppierB.slx
model, by contrast, is linked directly to the shared dictionary dShared. s1dd. In this way, all three
models have access to the interface definitions in dShared. sldd.

The following diagrams show the system integration model mSystem, along with the Interface
Editor. Interface definitions contained in the referenced dictionary dShared are associated with the
ports used to communicate between the models mSupplierA and mSupplierB and the rest of the
system integration model.

3-25



3 Interface Management

mSystem =
@® |]mSystem » v
@ | mSystem
&l
=
D supplierB
g |« mSupplied >
E | = mBupp e >
FOOEMOU > MrectOEMOu
=t oSupplB b fromSupplerA
catOEMINI— P rosOEMIn )
wProcessinko -
=]
b Moot OEM rootOEMOUt b
L=
O
procinfo
b tomSuppl
b IomSLpplA
7]
« | @
Interfaces ® x
1§ ~|= Ig_—l B | |l - |8 ~||Search C1J|Duc1ionary View .| @)
Type Dimensions Units Complexity Minimum Maximum Description
@ dSystem sidd
~ @ dShared sidd
& rootCommsin
& rootCommsOut
& supplaProcinfo
& supplBProcinfo
& supplSharedComms

The following diagrams show the supplier model mSupplierA, along with the Interface Editor.
Interface definitions contained in the referenced dictionary dShared are associated with the ports
used to communicate externally, while interface definitions in the private dictionary dSupplierA are
associated with ports whose use is internal to the mSupplierA model.
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4 suppliera =

[ mSystem b [supplierA (mSupplierA) »

4

mSupplierA

E—

to_cB b b from_cA 10SuppiB 1> ) @loSupplB toSupplB >

maOEer.@ o0tOEMin T ]

toProcessinfol >

S~ (&]X] [& -]l- (@] & -|&]-|[searcn Q(Dictonary View __~ |

Type Dimensions Units Complexity Minimum Maximum Description

@ dSystem sidd

~ |@ dShared sidd

& rootCommsin

& rootCommsOut

& supplAProcinfo

& supplBProcinfo

& supplSharedComms

See Also
addReference | removeReference

More About

. “Define Port Interfaces Between Components” on page 3-2
. “Specify Physical Interfaces on Ports” on page 7-24
. “Organize System Composer Files in Projects” on page 12-2
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* “Author Parameters in System Composer Using Parameter Editor” on page 4-2
* “Use Parameters to Store Instance Values with Components” on page 4-6
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Author Parameters in System Composer Using Parameter
Editor

4-2

This example shows how to add and modify parameters for a System Composer™ architecture model
of a propeller by using a top-down authoring workflow available in the Parameter Editor. System
Composer parameters synchronize with Simulink® for seamless simulation and code generation.

1. Create an architecture model called Propeller. Add a component called Hub to the model.

(%) Propeller » i

Propeller

Hub

i

2. Click the Hub component, then open the Property Inspector. Pin the Property Inspector for easy
access. To open the Parameter Editor, go to the Parameters list on the Property Inspector and
select Open Editor from the drop-down list.

3. Click Add parameter. Define the bladePitch parameter with default value 45 and unit degrees.
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PARAMETER EDITOR

ﬂ JE, CU1. ur_r I\_?J

g Co .
Delete = Highlight Help
source
ACTION RESOURCES
Controls Parameters & Dialog
Search Q) = |BB| |Type Prompt
PARAMETER - Parameters
= #1 bladePitch
4= L.;J
Add Promote
parameter paramet...

Name

ParameterGroupVar

bladePitch

Property Editor
~ PROPERTIES
Name
Prompt
Value
Unit
Type
Dimensions
Min
Max
Type

- bladePitch
bladePitch

45

degrees

double

RE

edit

d

4. Click the Propeller root architecture. Open the Parameter Editor. Add a parameter named
advanceSpeed. Set Value as 500, and Unit as mph.

PARAMETER EDITOR

PARAMETERS & DIALOG

ﬂ» & Cut G, )

Name

ParameterGroupVar

Property Editor
- PROPERTIES

Name

advanceSpeed

Prompt

Value
Unit
Type

Min
Max
Type

45 Co
Delete = 7Y Highlight Help
source
ACTION RESOURCES
Controls Parameters & Dialog
Search Q) = |88| | Type Prompt
PARAMETER - Parameters
= #1 advanceSpeed

e =

Add Promote
parameter paramet...
14 PARAMETER PROMOTION: ONE-TO-ONE

.ad vanceSpeed
| ad vanceSpeed
500
' mph

double

Dimensions |[1 1]

edit

5. Define a parameter named spinningRate. Set Value as 3, and Unit as Hz.
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PARAMETER EDITOR

PARAMETERS & DIALOG

F;
1=

Delete

Controls
Search
PARAMETER
e
Add
parameter

& Cut o
&
Copy

Highlight
source

Jo)

&Y
Promote
paramet..,

@

Help

Parameters & Dialog

Type Prompt
v . Parameters
= #1 advanceSpeed
=~ H2 spinningRate

Name
ParameterGroupVar
advanceSpeed

Property Editor

~ PROPERTIES
Name
Prompt

spinningRate

Value

Unit

Type
Dimensions
Min

Max

Type

PARAMETER PROMOTION: ONE-TO-ONE

spinningRate
spinningRate

B

Hz

.double
[11]

edit

PARAMETER EDITOR

6. Click Promote parameter to open the Parameter Promotion: One-To-One section. Under the
component Hub, select the bladePitch parameter. Click Promote to promote the parameter.

Parameter promotion enables easy access to parameter values and preserves distinct parameter
values inside the model during simulation or code generation. Parameter promotion also removes
unnecessary duplication of parameters defined on lower levels of an architectural hierarchy.

PARAMETERS & DIALOG

Controls
Search
PARAMETER
oA

Add

parameter

L™

Highlight
source

0

=
Promote
paramet..,

@

Help

Parameters & Dialog

Type Prompt

u . Parameters
= #1 advanceSpeed
= #2 spinningRate
1 &3 Hub.bladePitch

Name
ParameterGroupVar
advanceSpeed
spinningRate

Property Editor

- PROPERTIES
Name
Prompt
Value

Hub.bladePitch

Unit

Type

Parameter Promotion: One-To-One
Search
Name

=[] Propeller
=[] Hub

[] bladeritch

Q |

| Show Selected

Prompt

bladePitch

=i Promote

Dimensions
Min

Max

Type

Source

| Hub. bladePitch
| Hub. bladePitch
145

| gegrees

double

1]

|edit
Hub/bladePitch
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7. Change the default value of the promoted parameter bladePitch from the source component Hub
to 72. The new value of the bladePitch parameter now appears for the architecture Propeller.
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Propeller

Property Inspector ¥ X
® |Propeller » Architecture
@ Architecture Info
Propeller
¥ Main
) Name Propellar
Stereatype Add.. b
D * Parameters Select i
advanceSpeed 500 mph (default)
H Ub spinning Ratle 3 Hz (default)

L Hub.bladePitch 72 degrees

=
=]
Lo

» L

See Also

systemcomposer.arch.Parameter | addParameter | getParameter | resetToDefault |
getParameterPromotedFrom | getEvaluatedParameterValue | getParameterNames |
getParameterValue | setParameterValue | setUnit | resetParameterToDefault

More About

. “Use Parameters to Store Instance Values with Components” on page 4-6
. “Use Property Inspector in System Composer” on page 1-55

. “Promote Block Parameters on a Mask”

. “Compose Architectures Visually” on page 1-2

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Use Parameters to Store Instance Values with Components

4-6

This example shows how to add value types as model arguments to a System Composer™
architecture model of a wheel, mWheelArch. s1x, using the Model Explorer. Then, on the System
Composer architecture model mAx1leArch.slx, these model arguments are exposed as instance-
specific parameter values that can be changed independently across each component that references
mWheelArch.

Use Model Explorer to Add MATLAB Variables as Model Arguments
Open the mWheelArch model.
systemcomposer.openModel ("mWheelArch");

Navigate to Modeling > Model Explorer or enter Ctrl+H. The Model Explorer opens. Expand the
mWheelArch model and select Model Workspace. View the contents of the model workspace. The
workspace contains three Simulink Parameters named Diameter, Pressure, and Wear.

Column View: | Data Objects ~ | Show Details 3 object(s) |F
loe| Diameter 16 douhble [11] real [ [ in Configure
lwe| Pressure 32 douhble [11] real [ [ psi Configure
[ee| Wear (.25 double [11] real [ [ in Configure

To add a new MATLAB® variable to the model workspace, on the toolstrip menu, click . You can
rename your variable from the default name Var and set its starting value. If you select the
Argument check box, the MATLAB variable becomes a model argument. As a model argument, the
variable can later be exposed as an instance-specific parameter value in an architecture model.
Rename the variable to TreadDepth and set its value to 1, then select it as a model argument.

Column View: | Data Objects ~ | Show Details 4 object(s) F
[s1e] Diameter 16 double [11] real [ [ in Configure

Lse| Pressure 32 douhble [11] real [ [ psi Configure
FREEN 025 double [11] real [ [ in Configure

] TreadDepth 1

Use Model Explorer to Add Simulink Parameters as Model Arguments

In the Model Explorer, you can also add Simulink parameters as model arguments. To add a new

Simulink parameter to the model workspace, on the toolstrip menu, click L*'*J, You can edit the
attributes of a Simulink parameter including: Name, Value, DataType, Dimensions, Complexity,
Min, Max, and Unit. These attributes contribute to the parameter definition when the parameter is
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specified as a model argument. Select the Argument check box to specify a parameter as a model
argument. Rename the variable to PressureBar, set its value to 2000, set its units to mbar, then
select it as a model argument.

Column View: | Data Objects ¥ | Show Details 5 object(s) ff
[wme] Diameter 16 douhble [11] real [ [ in Configure
Lwe| Pressure 32 double [11] real [ [ psi Configure
[e1e] WWEar 0.25 double [11] real [] [ in Configure
[ TreadDepth 1

[«1z] PressureBar 2000 auto [11] real 1 11 mbar Configure

Right-click the mWheel model in the Model Explorer. Save these changes to the model workspace,
then close the Model Explorer.

View and Edit Parameters on Components in Architecture Model
Open the mAx1leArch architecture model.
systemcomposer.openModel ("mAxleArch");

Select the LeftWheel component that references the mWwheel model. The parameters appear on the
Property Inspector with default values.

mAxieArch = Property Inspector ® X
© |TDmaxlearch P ¥ | Component
Architecture Info
Q mAxleArch
EQ ~ Main
@ MName LeftWheel
Add..
i v Parameters
| LeftWheel RightWheel e 5in
= mWhealArch > < mWheelArch >
: Pressure 32 pw (default
j FressureBar 2000 mbar (default)
2 TreadDepth 1 {default)
E‘ Wear 023 in
]
]
7] )
Capyright 2021 The Mathworks, Inc.
L]
b

You can expose these parameters as model arguments and then edit the parameters as instance-
specific parameters independently for each component that references the same model. Right-click
the RightWheel component and select Block Parameters (Model Reference). Click the
Instance parameters tab and select the Argument check box for the new parameters Pressure
and TreadDepth.
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Model Reference

Block Parameters: RightWheel

Reference the specified model.

Main Instance parameters Solver
Filter
Y [ i-::_ ant

Diameter <inherited =

T Pressure <inherited =
PressureBar <inherited =
TreadDepth <inherited >

= Wear <inherited =

‘)- oK Cancel Help Apply

Once selected, these parameters are treated as model arguments of the mAx1leArch model and can
be changed independently for each instance the model.

Edit the parameters for the RightWheel component so that Pressure and PressureBar are now
31 psiand 2100 mbar, respectively.

®

EEad e Ee

O & G

E

b

mAxleArch =
mmAxIeAr:h » hd
mAxleArch
LeftWheel RightWheel
< mWheelArch > < mWheelArch >

Copyright 2021 The Mathworks, Inc.

Property Inspector ® x
Component
Architecture Info
™ Main
Name Rightwheel
Stereotype Add.. E
™ Parameters
Drameter 16 in {default)
Pressure 31 psi
PressureBar 2100 mbar
TreadDepth 1 (default)
Wear 025 in (default)
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The corresponding parameter values for the LeftWheel component remain unchanged.

See Also

systemcomposer.arch.Parameter | addParameter | getParameter | resetToDefault |
getParameterPromotedFrom | getEvaluatedParameterValue | getParameterNames |
getParameterValue | setParameterValue | setUnit | resetParameterToDefault

More About

. “Author Parameters in System Composer Using Parameter Editor” on page 4-2

. “Specify Instance-Specific Parameter Values for Reusable Referenced Model” (Simulink Coder)
. “Implement Component Behavior Using Simulink” on page 7-2

. “Compose Architectures Visually” on page 1-2

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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* “Define Profiles and Stereotypes” on page 5-2

* “Use Stereotypes and Profiles” on page 5-9

* “Simulate Mobile Robot with System Composer Workflow” on page 5-20
* “Organize and Link Requirements” on page 5-22

» “Design Architecture Models” on page 5-25

* “Define Stereotypes and Perform Analysis” on page 5-32

* “Simulate Architectural Behavior” on page 5-41
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Define Profiles and Stereotypes

5-2

To verify structural and functional requirements, you must capture nonfunctional properties on
elements in a System Composer architecture model. To capture these properties, use stereotyping.

For example, if there is a limit on the total power consumption of a system, the model must be able to
capture the power rating of each electrical component. To define component-specific property values
requires extending built-in model element types with properties corresponding to requirements. In
this case, an electrical component type as an extension of components is a stereotype. By extending
the definition of regular components, you introduce a custom modeling language and framework that
includes specific concepts and terminologies important for the architecture model. Capturing the
individual properties also sets the scene for early parametric analyses and to define custom views.

A stereotype is a custom extension of the modeling language. Stereotypes provide a mechanism to
extend the architecture language elements by adding domain-specific metadata.

Apply stereotypes to model elements such as root-level architecture, component architecture,
connectors, ports, data interfaces, value types, functions, requirements, and links. Functions only
apply to software architectures. You must have a Requirements Toolbox license to apply stereotypes
to requirements and links. A model element can have multiple stereotypes. Stereotypes provide
model elements with a common set of property fields, such as mass, cost, and power.

A property is a field in a stereotype. You can specify property values for each element to which the
stereotype is applied.

Use properties to store quantitative characteristics, such as weight or speed, that are associated with
a model element. Properties can also be descriptive or represent a status. You can view and edit the
properties of each element in the architecture model using the Property Inspector.

Open the Property Inspector by navigating to Modeling > Property Inspector.

A profile is a package of stereotypes that you can use to create a self-consistent domain of element
types.

Author profiles and apply profiles to a model using the Profile Editor. You can store stereotypes for a
project in one or several profiles. When you save profiles, they are stored in XML files.

In this topic, you will learn how to:

Create a profile and define stereotypes with properties.

2 Define default stereotypes in a profile to be added to any new element in a model with that
applied profile.

3  Use stereotype-based styling that enhances the appearance of the model based upon specific
features each element represents.

Create a Profile and Add Stereotypes

Create a profile to define a set of component, port, and connection types to be used in an architecture
model. For example, a profile for an electromechanical system, such as a robot, could consist of these

types.

* Component types
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* Electrical component
* Mechanical component
* Software component

* Connection types

* Analog signal connection
* Data connection
* Port types

* Data port

Define a profile using the Profile Editor by navigating to Modeling > Profile Editor. Click New
Profile. Select the new profile to start editing.

Note Before you move, copy, or rename a profile to a different directory, you must close the profile in
the Profile Editor or by using the close function. If you rename a profile, follow the example for the
renameProfile function.

Profile |__,{'J]New Profile '_—jOpen Il Save |« 2;3 Stereotype EE} MNew Stereotype é;g Import into | Select | l\:-’/l

Profile Browser

Filter profiles: | <all>
Friendly name (can contain spaces etc.):
& Profile* | |
Stereotype applied to root on import: | none -
Description:

Profile Properties

MNarme: | Profile |

Name the profile and provide a description. Add stereotypes by clicking New Stereotype. You can

delete stereotypes and profiles by clicking the 23 button in their respective menus.

Note To create requirement or link stereotypes, you need a Requirements Toolbox license. For more
information, see “Customize Requirements and Links by Using Stereotypes” (Requirements Toolbox).

Save the profile. The file name is the same as the profile name.

Add Properties with Stereotypes

Select a stereotype in a profile to define it:

Name — The name of the stereotype, for example, ElectricalComponent.

Applies to — The model element type to which the stereotype applies. This option can be <all>,
Component, Port, Connector, Interface, Function, Requirement, or Link. You can apply
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this stereotype only to a model element of this type. The model element type Function is only
available for software architecture models. For more information, see “Apply Stereotypes to
Functions of Software Architectures” on page 10-29. The model element types Requirement
and Link require a Requirements Toolbox license.

* Icon — Icon to be shown on the model element with color, if applicable.
* Connector Style — Line style of the connector to be shown on the model with color, if applicable.
* Base stereotype — Other stereotype on which this stereotype is based. This option can be empty.

* Abstract stereotype — A stereotype that is not intended to be applied directly to a model
element. You can use abstract stereotypes only as the base stereotype for other stereotypes.

Add properties to a stereotype using the oA button. Define these fields for each property:

* Property name — Valid variable name

* Type — Numeric, string, or enumeration data type

* Name — Name of the enumerated type, if applicable
* Unit — Value units as a string

* Default — Default value

Profile E:I_:!, New Profile —j] Open | | ol Save |« Stereotype EE} New Stereotype 23 Import into | Select @
Profile Browser Sterectype Properties
Filter profiles: | <all> ~ Name: |SignaIPort |
Applies to: |Port hd

~ [=] ProjectProfile

AnalogConnection Connector style: | — | {3

& DataPort

{F ElectricalComponent Base stereotype: | <nothing> M

= MechanicalComponent
O ProjectComponent
> SignalPort

[ Abstract stereotype

Description: |

ap

Property name Type Name Unit Default

[J show inherited properties (read-only)

Saved profile: 'ProjectProfile’

Add, delete, and reorder properties using the property toolstrip: gt K AN
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You can create a stereotype that applies to all model element types by setting the Applies to field to
<all>. With these stereotypes, you can add properties to elements regardless of whether they are
components, ports, connectors, interfaces, functions, requirements, or links.

Sterectype Properties

Name: | GeneralElement

Applies to: | <all> -

Base stereotype: | <nothing= -

] Abstract stereotype

Description: |

i

Property name Type Mame Unit Default
1 RefNumber int8 * | nfa 1

Define Default Stereotypes

Each profile can have a set of default stereotypes. Use default stereotypes when each new element of
a certain type must assume the same stereotype. System Composer applies a default stereotype to
the root architecture when you import the profile. You can set this default as ProjectComponent in
the Profile Editor using the Stereotype applied to root on import field.

Profile [E, New Profile '_j Open | | @l Save |« % Stereotype E% New Sterectype % Import into | Select @
Profile Browser Profile Properties
Filter profiles: | <all= - Name: |Projec|f'r0ﬁle |

Friendly name (can contain spaces etc.):

v (& ProjectProfile | |

AnalogConnection ) )
b DataPort Stereotype applied to root on import: | none -

ﬁ ElectricalComponent Description: one

. ElectricalComponent
= MechanicalComponent Po |

- MechanicalCompanent
O ProjectComponent

B SignalPort

This default stereotype is for the top-level architecture. If a model imports multiple profiles, the
default component stereotype for all profiles apply to the architecture.
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Each component stereotype can also have defaults for the components, ports, and connections added
to its architecture. For example, if you want all new connections in a project component to be analog
connections, set AnalogConnection as a default stereotype for the ProjectComponent stereotype.

Profile _‘rNew Profile “Jopen | ol Save = Stereotype E._I'L, New Stereotype 2,.’6 Import into | Select |+ .:}
Profile Browser Sterectype Properties
Filter profiles:  <all> X Name: |ProjectComponent
Applies to: | Companent - O 1con dr

~ | =) ProjectProfile

AnalogConnection Base sterectype: | <nothing> =

b DataPort o

{F EectricalComponent [ Abstract stereotype

o MechanicalComponent
O ProjectComponent
B SignalPort

Description:

* Default Stereotypes for Composition

Component sterectype:  ElectricalComponent "
Port stereotype:  SignalPort -
Connector sterectype: | AnalogConnection -
A
Property name Type Mame Unit Default
1 PowerRating string -

[] show inherited properties (read-onlky)

Saved profile: 'ProjectProfile’

When you import the profile ProjectProfile into a model:

* The ProjectComponent stereotype is automatically applied to the root architecture.

* The ElectricalComponent stereotype is automatically applied to all new components in the
architecture model.

* The SignalPort stereotype is automatically applied to all new ports.
* The AnalogConnection stereotype is automatically applied to all new connections.

Use Stereotype-Based Styling

Profiles and stereotypes are used to apply custom metadata on the architecture model elements.
Element styling is an additional visual cue that indicates applied stereotypes.
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You can use provided icons for the component stereotypes or use you own custom icon images.

Custom icons support .png, . jpeg, or .svg image files of size 16-by-16 pixels. The custom icons are

displayed as badges on the components for which the stereotypes are applied.

Pick an icon
O B =
L =
g <
€ &

Custom

Accepted icon size: 16x16 pixels

You can associate a color with component stereotypes. Element styling is an additional visual cue that

indicates applied stereotypes.

Profile | L New Profile | “JOpen Save ~ Stereotype Sf's New Stereotype 36 Importinto Select - &
Profile Browser Stereotype Properties
Filter profiles; <all> = Name: |Sterectype
Applies to: Component - Zlcon !‘ll
~ | =] Profile* %
£ stereotype Base sterectype: <nothing>

Use a preconfigured set of color options for component stereotypes to style the architecture
component headers. See “Use Stereotypes and Profiles” on page 5-9 to learn how to use
stereotypes in your model.

-
ComponentA - ComponentB Ebﬁ
) ] <vdp =
. .C‘rul'l 2]
Out2

Similarly, you can style architecture connectors using the stereotype settings. You can style

connectors by using connector, port, or port interface stereotypes. Customize styling provides various
color and line style choices. Connector styles are also reflected in architecture and spotlight views.

Stereotype Properties

Name: |Stereotype

Applies to: Connector @
Connector style: = >
Base stereotype: <nothing> =

[] Abstract stereotype

Description: ‘ ‘

Connector styling is sourced from the highest-priority stereotype that defines style information.
Connector stereotypes have the highest priority, followed by port stereotypes and then interface
stereotypes.
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When two connectors with different styling merge, if the styling is incompatible, the resulting

connector is displayed in black.

ComponentB
> InBus
_ComponentA
QOutBus p — o
ComponentC
> InBus

See Also

hasStereotype | hasProperty | editor | systemcomposer.profile.Profile |
systemcomposer.profile.Property | systemcomposer.profile.Stereotype

More About

“Use Stereotypes and Profiles” on page 5-9

“Analyze Architecture” on page 9-2

“Analysis Function Constructs” on page 9-9

“Modeling System Architecture of Small UAV” on page 1-32

“Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Use Stereotypes and Profiles

Use profiles to add properties to components, ports, and connectors in System Composer. Import an
existing profile, apply stereotypes, and add property values. To create a profile, see “Define Profiles
and Stereotypes” on page 5-2.

In this topic, you will learn how to:

1 Import profiles into a model or a dictionary.

2 Apply a stereotype to a model element and add property values.
3 Remove stereotypes using the Property Inspector.
4

Extend stereotypes with other stereotypes to include their properties through an inherited
mechanism. For example, a UserInterface stereotype can be an extension of a
SoftwareComponent stereotype, and add a property called ScreenResolution.

Import Profiles

The Profile Editor is independent from the model that opens it, so you must explicitly import a new
profile into a model. The profile must first be saved with an . xml extension. Navigate to Modeling >

—_

Profiles > Import o . Select the profile to import. An architecture model can use multiple profiles
at once.

Alternatively, open the Profile Editor by navigating to Modeling > Profile Editor. You can import a
profile into any open dictionaries or models.

= 2o - [ "
Profile | L New Profile || Open |l Save - Sterectype |Gy Mew Sterectype 2.5 | Importinto | Select =
Select
Profile Browser Sterectype Properties
model oh 1
Filter profiles: | <all= v Mame: | ProfectComponent dictionary.sldd
Applies to: | Component x O 1con

¥ | = ProjectProfile*
AnalogConnection
= DataPort
D— ElectricalCompeonent
InterfaceStereatype
O MechanicalComponent
O ProjectComponent
B SignalPort

Base stereotype: | <nothing>

[] Abstract stereotype

Description:
b Default Sterectypes for Composition
s

Property name Type

MNarme

Unit

Default

Note For a System Composer component that is linked to a Simulink behavior model, the profile
must be imported into the Simulink model before applying a stereotype from it to the component.
Since the Property Inspector on the Simulink side does not display stereotypes, this workflow is not

finalized.
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To manage profiles after they have been imported, navigate to Modeling > Profiles > Manage

=

=2
Linked profiles — O x
Import or remove profiles.
Mame Linked to
1 ProjectProfile model.slx
¢ ProjectProfile dictionary.sldd
L, Import 2 Remove

Apply Stereotypes

Apply stereotypes to architecture model elements using the Property Inspector or the Apply
Stereotypes dialog. You can also quick-insert a new component with the stereotype applied. For
information about applying stereotypes to functions in software architectures, see “Apply Stereotypes
to Functions of Software Architectures” on page 10-29.

Apply Stereotype Using Property Inspector

Once the profile is available in the model, open the Property Inspector by navigating to Modeling
> Property Inspector. Select a model element.
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- RobotWithReqgs Property Inspector o
,% ® |[FRobotwithRegs b *| | port g
g ‘ @ Successfully imported architecture profile "Functional Architecture'. x| * Architecture Info ﬁ
= Q MUUULVVILIIMREYDS E
E3 ~ Main B
Name SensorData
O Sensor L
Trajectory plan s Interface
Sterectype Add.
A\
8
5
w
c
Cl & User Interface
> SensorData
[
=1 etn 1 v
« ¢ 3
Ready 119% VariableStepAuto

In the Stereotype field, use the drop-down to select the stereotype. Only the stereotypes that apply
to the current element type (for example, a port) are available for selection. If no stereotype exists,

you can use the <new / edit> option to open the Profile Editor and create one.

Property Inspector = X
Port
Architecture Info
* Main
MName SensorData
Tags
» Interface
Stereotype Select w
1.F PO .
FunctionalArchitecture. SignalPort
<new J edit=

B N Ll P e R L |
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When you apply a stereotype to an element, a new set of properties appears in the Property
Inspector under the name of the stereotype. To edit the properties, expand this set.

Property Inspector = ¥
Port
Architecture Infi
* Main
MName SensorData
Tags
» Interface
Sterectype Add.. =
 DataPort Select b
BitRate E |
W I e PN A

You can set multiple stereotypes for each element.

'g RobotWithReqs risics Property Inspector = ¥
2 | ® [FZrobotwithregs P ¥ || Compenent
3 ~ || Architecture  Info
= @ | RobotWithReqgs
FH * Main
. Mame Sensor
L=l 5
tereotype Add. il
ﬂ » ElectronicComponent Select h
= Sensor
I | > GeneralElement Select h
> SharedArtifact Select >
v
@
3 }
User Interfai
] B+ InBus
i v
€ | ¢ >

5-12




Use Stereotypes and Profiles

Use Apply Stereotypes Dialog to Batch Apply Stereotypes

You can also apply component, port, connector, and interface stereotypes to all applicable elements at
the same architecture level. Navigate to Modeling > Apply Stereotypes. In Apply Stereotypes, from

Apply stereotype(s) to, select Top-level architecture, ALl elements, Components, Ports,
Connectors, or Interfaces.

Note The Interfaces option is only available if interfaces are defined in the Interface Editor. For
more information, see “Create Interfaces” on page 3-4.

Apply Stereotypes — 0 %

Apply stereotypes to selected elements, all elements in the current
layer, or the entire model.

Apply sterectype(s) to: |Top-level architecture -
 Top-level architecture :
Scope: All elements
Components
Include children Pu:rrtEW
Connectors

ProjectProfile.ElectricalC Interfaces

ProjectProfile.MechanicalComponent

ProjectProfile.ProjectComponent

Apply Close Help

You can also apply stereotypes by selecting a single model element. From Scope, select Selection,
This layer, or Entire model.

5-13



5 Define Architectural Properties

Apply Stereotypes — O >

Apply sterectypes to selected elements, all elements in the current
layer, or the entire model.

Apply stereotype(s) to: Components -
Scope: |Selection -
L] Inclu This layer

Project] Entire model N

ProjectProfile.MechanicalComponent

ProjectProfile.ProjectComponent

Apply Close Help

You can also apply stereotypes to data interfaces or value types. When interfaces are locally defined

and you select one or more interfaces in the Interface Editor, the options for Scope are Selection
and Local interfaces.
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Apply Stereotypes

layer, or the entire model.

Apply stereotype(s) to: | Interfaces

Apply stereotypes to selected elements, all elements in the current

| X

Scope: | Selection

[}
Inclu Local interfaces

ProjectProfile.InterfaceStereotype

Apply

Close

Help

When interfaces are stored and shared across a data dictionary and you select one or more interfaces
in the Interface Editor, the options for Scope are Selection and either dictionary.sldd or the

name of the dictionary currently in use.
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Apply Sterectypes — O et

Apply stereotypes to selected elements, all elements in the current
layer, or the entire model.

Apply sterectype(s) to: | Interfaces h
Scope: |Selection h
Selection

Inclu 'dictiona

ProjectProfile InterfaceStereotype

Apply Close Help

Note For the stereotypes to display for interfaces in a dictionary, in the Apply Stereotypes dialog box,
the profile must be imported into the dictionary.

Quick-Insert New Component With Stereotype Applied

You can also create a new component with an applied stereotype using the quick-insert menu. Select
the stereotype as a fully qualified name. A component with that stereotype is created.
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Component

Systerm Compose

Reference Component

— Component D
Warniant Component 1

Interface Adapter -
Profile.Stereotype %

Create Annotation

Components Actions (Ctrl+.)

Remove Stereotypes

If a stereotype is no longer required for an element, remove it using the Property Inspector. Click
Select next to the stereotype and choose Remove.

Property Inspector ¥ x

Component

Architecture Inificy

Main

MName Sensors
Stereotype Add.. 7
sysComponent | hd

Extend Stereotypes

You can extend a stereotype by creating a new stereotype based on the existing one, allowing you to
control properties in a structural manner. For example, all components in a project may have a part
number, but only electrical components have a power rating, and only electronic components — a
subset of electrical components — have manufacturer information. You can use an abstract
stereotype to serve solely as a base for other stereotypes and not as a stereotype for any architecture
model elements.
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For example, create a new stereotype called ElectronicComponent in the Profile Editor. Select its
base stereotype as FunctionalArchitecture.ElectricalComponent. Define properties you are
adding to those of the base stereotype. Check Show inherited properties at the bottom of the
property list to show the properties of the base stereotype. You can edit only the properties of the
selected stereotype, not the base stereotype.

Profile ‘ulf New Profile || || Open | | o Save = Stereotype BE- MNew Stereotype w Import into | Select - @
Profile Browser Stereotype Properties
Filter profiles: | <all> > Name: | ElectronicComponent
Applies to: Component v i} 1con |

¥ | =] FunctionalArchitecture*

AnalogConnection Base stereotype: | FunctionalArchitecture, ElecticalComponent ¥

B DataPort

DigitalCannection [] Abstract sterectype

{} ElecticalCompaonent

{F ElectronicComponent
O MechanicalComponent
B SignalPort

O softwareComponent

Description: |

¢ Default Stereatypes for Composition

STl .

Property name Type Name Unit Default
1 Manufacturer string * | nfa
2 PowerRat double

£] Show inherited properties (read-only)

When you apply the new stereotype, it carries its defined properties in addition to those of its base
stereotype.
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Property Inspector A X

Component

Architecture Inifiy

* Main
MName Sensor
Tags
Sterectype Add.. hd
* ElectronicComponent Select
Manufacturer
PowerRating 0 VA

e
1

See Also

editor | hasStereotype | hasProperty | systemcomposer.profile.Profile |
systemcomposer.profile.Property | systemcomposer.profile.Stereotype

More About

. “Define Profiles and Stereotypes” on page 5-2

. “Analyze Architecture” on page 9-2

. “Analysis Function Constructs” on page 9-9

. “Apply Stereotypes to Functions of Software Architectures” on page 10-29
. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Simulate Mobile Robot with System Composer Workflow

Along with other tools, System Composer™ can help you organize and link requirements, design and
allocate architecture models, analyze the system, and implement the design in Simulink®. Follow this
tutorial for the early phase of development of an autonomous mobile robot.

1 “Organize and Link Requirements” on page 5-22: Set up the requirements based on market
research using Requirements Toolbox™.

2 “Design Architecture Models” on page 5-25: Create architecture models to help organize
algorithms and hardware.

3 “Define Stereotypes and Perform Analysis” on page 5-32: Define stereotypes and perform
system analysis to ensure that the life expectancy of the durable components in the robot meets
the customer-specified mean time before repair.

4 “Simulate Architectural Behavior” on page 5-41: Create a Simulink model to simulate realistic
behavior of the mobile robot.

This workflow is represented by the left side of the model-based systems engineering (MBSE) design
diagram.
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Simulate Mobile Robot with System Composer Workflow

Organize and
Link
Requirements

Complete
Integration
and Test

System Specification

Design
Architectural
Models

System
Integration
and Test

High Level Design

Define
Stereotypes
and Perform
Analysis

Subsystem
Integration
and Test

Simulate
Architectural
Behavior

See Also

More About

. “Model-Based Design with Simulink”
. “Organize System Composer Files in Projects” on page 12-2
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Organize and Link Requirements

5-22

The first step in model-based systems engineering (MBSE) design using System Composer is to set up
requirements. This functionality requires a Requirements Toolbox license.

Requirements are a collection of statements describing the desired behavior and characteristics of a
system. Requirements ensure system design integrity and are achievable, verifiable, unambiguous,
and consistent with each other. Each level of design should have appropriate requirements. This
mobile robot example has three sets of requirements.

1 Stakeholder needs—A set of end-user needs. Stakeholders are interested in attributes of the
mobile robot associated with endurance, payload, speed, autonomy, and reliability.

2 System requirements—A set of requirements that are linked closely with system-level design.
System requirements include the derived requirements that describe how the system responds to
stakeholder needs.

3 Implementation requirements—A set of requirements that specify subsystems in the model.
Implementation requirements include specifications for the battery, structure, propulsion, path
generation, position, controller, and component life for individual subsystems.

By linking one requirement set to another, each high-level requirement can be traced to
implementation. As the MBSE design evolves, you can use iterative requirements analysis to enhance
requirement traceability and coverage. You can use the traceability diagram to visualize requirement
traceability. See “Visualize Links with a Traceability Diagram” (Requirements Toolbox).

Note This example uses Simscape™ blocks. If you do not have a Simscape license, you can open and
simulate the model but can only make basic changes, such as modifying block parameters.

Link Stakeholder Requirements to System Requirements

The mobile robot example includes a functional, logical, and physical architecture that fulfill
stakeholder needs, system requirements, and implementation requirements.

Load these systems in memory to view their requirement links:

+ Functional architecture model
* Logical architecture model
» Physical architecture model

systemcomposer.loadModel ("RobotFunctionalArchitecture");
systemcomposer.loadModel ("scMobileRobotLogicalArchitecture SS");
systemcomposer.loadModel ("scMobileRobotHardwareArchitecture");

Load these requirement sets into memory:

* Stakeholder needs
* System requirements

* Implementation requirements



Organize and Link Requirements

slreq.load("scMobileRobotStakeholderNeeds");
slreq.load("scMobileRobotRequirements");
slreq.load("scMobileRobotSubsystemRequirements");

Open the Requirements Editor (Requirements Toolbox).

slreq.editor

You can link stakeholder needs to derived requirements to keep track of high-level goals. The Mean
Time Before Repair (MTBR) requirement, STAKEHOLDER-07, is refined by the Battery Life
requirement, SYSTEM-REQ-09.

A ﬁ, scMobileRobotRequirements
B1: -
B2 -
B3 -
B4 -
A ﬁ, scMobileRobotStakeholderMeeds
El 1 STAKEHOLDER-01
E =z STAKEHOLDER-02
E 3 STAKEHOLDER-03
v E 4 -
El STAKEHOLDER-04
STAKEHOLDER-05

Endurance
Payload and Speed
Autononmy

Life Expectancy

Endurance

Payload

Operating Speed
Autonomy
Transportation
Autonomous Charging

Collision Awvoidance

E
E  STAKEHOLDER-0&
5
E

- Reliability
] STAKEHOLDER-O7 MTER
El STAKEHOLDER-08 MTEF

v [k sc
B 1 |-
B 2z |-
B3 -
E
E
El
El

e I - LR I
i

MobileRobotSubsystemRequirements

Battery

Structure

Propulsicn

Path Generation
Position Determination
Controller

Component Life

Requirement: STAKEHOLDER-07

Details

* Properties

Type: Functional v
Index: 5.1

Custom ID: | STAKEHOLDER-07

Summary: | MTEBR

Description Rationale

% [Ma o e z U m

>

The robot should have a Mean Time Before Repair of 2 years.

Keywords:

» Revision information:

* Links

El 4= Implemented by:

RobotFunctionalArchitecture

El = Related to:

E SYSTEM-REQ-09 Battery Life -if—

E SYSTEM-REQ-10 Sensor Life

You can set a specific link type. To change link types, in the Requirements Editor (Requirements
Toolbox), select Show Links. For more information, see “Create and Store Links” (Requirements

Toolbox).
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Link:
L 5 T Details
v | [i§] scMcbileRobotlogicalArchitecture_SS.simx | Changed source: 0/G Changed destinatior: 0/G ~ Properties
‘9 link #1 Motor Conmroller Impements SYSTEM-REQ-0< Nominal Operating Speed with Pay oad Source: D Plan Path
e” link #4 Trajecory Followe: Impements SYSTEM-REQ-08 Colision Avoidance Type [
{,9 link #5 Trajeciory Followe: Impements SYSTEM-REQ-07 Path Following DesLination: goe:g:'sned By Trmnsportation
& link # Trajerary Gereratnr Impements SYETFM-RFN-NG Selif-1 nealization
& link #3 Trajecory Gererator Impements S¥STCM-RLQ-09 Charging Sation Location Desaription xg’“{:; w0
& link #6 Trajecory Gererator Impements SYSTEM-REQ-06 Path Generation Werifies
v M scMcbileRobotHzrdwarehrchtecture. sims: Changad source: 0/8 Changed destinatior: 0y3
e7 link #5 Battery Impements SYSTEM-RED-01 Batery Capacity
& link #9 Rattery Impements SYSTFM-RFN)-NG Ratery | ife
& link #6 Charge Doard Impements SYSTCMRLQ-02 Dactery Charge Time
‘,9 link #3 Licar Sensar Impements SYSTEM-RE(Q-10 Sensor Life
‘9 link #7 Payload Impements SYSTEM-RED-03 Maximum Payload
e” link #2 RGBE Camera Impements SYSTEM-REQ-10 Sensor Life
& link #17 srbiohleRahotHardwareAr-hitertine Tmpements SYSTFM-RF)-11 Mechanical Compment | ife
& link #8 Wheels Impements SYSTCMRLQ-04 Nominal Operating Speed with Pay oad Keywords:
v | [#] RobetFuncticnalArchitecture simx Changad source: 0/11 Changed destination: 0/11 ¥ Revisivn infurmation ;
e" link #7 Actuate Motors Impements STA{EHOLCER-D3 Operating Spaed } Comments
(,9 link #10 Check Safety Impements STA<EHOLLCER-06 Collison Avoidance
e? link #14 Compate SeIf Prsitinn ITmpements STALFHO MFR-M4 Transporation » Change Information
& link 28 Drve Impements STASCIIOLCCR-03 Operating Sped
a" link #12 Identify Terget Position Impements STA{EHOLCER-05 Autonomaus Charging
é’ link #13 Identify Tzrget Position Impements STACEHOLLCER-04 Transporiation
é link #11 Plan Path Impements STA{EHOLCER-04 Transporation
& link #5 RehatFuncrionalArchitachure Impements STACFHON DFR-11 Frdurance:
& link #6 RobotlsnctionalArchitecture Impements STALCIIOLECR-02 Fayload
e" link #15 RaobotFundtionalArchitecture Impements STACEHOLCER-07 MTBR
& link #16 RobotFundionalArchitecture Impements STA{EHOLCER-08 MTBF
v M scMcbileRobotStakeholderNeeds simx Changzd source: 019 Changed destinatior: 0/19
& link 27 STAKFHOINFR-01 Frrurance Related tn SYSTFM-RF)-N1 Ratery Capacity
a” link #3 STAKDI IOLDCR-01 Cncurance Related to SYSTCM-RCQ-02 Datery Charge Time
(,9 link #4 STAKEHOLDER-02 Payloac Related to SYSTEM-REQ-03 Maximum Payload
e7 link #6 STAKEHOLDER-02 Payloac Related to SYSTEM-REQ-13 Mctor Type
é’ link #8 STAKEHOLDER-03 Operating Speed Related to SYSTEM-REQ-D< Nominal Operating Spead with Pay oad v

To return to interacting with requirements, in the Requirements Editor (Requirements Toolbox),
select Show Requirements. The Transportation stakeholder needs requirement, STAKEHOLDER - 04,
will be implemented by the Localization system requirement, SYSTEM-REQ-05. The robot must be
able to determine its current position with a specified tolerance. Right-click SYSTEM-REQ-05 and
select Select for Linking with Requirement. Then, right-click STAKEHOLDER-04 and select
Create a link from SYSTEM-REQ-05 to STAKEHOLDER-04.

See Also
slreq.editor | slreq.load | systemcomposer.loadModel

More About

. “Manage Requirements” on page 2-8
. “Link and Trace Requirements” on page 2-2
. “Design Insulin Infusion Pump Using Model-Based Systems Engineering” on page 9-23
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Design Architecture Models

Architecture models in System Composer describe a system at different levels of abstraction. This
mobile robot example presents three architectures:
1 Functional architecture describes high-level functions and the relationships between them.

2 Logical architecture describes data exchange between electronic hardware and software
components in each subsystem.

3 Physical architecture describes the physical hardware or platform needed for the robot.

Note This example uses Simscape blocks. If you do not have a Simscape license, you can open and
simulate the model but can only make basic changes, such as modifying block parameters.

Design, Specify, and Allocate Architecture Models

The mobile robot example includes a functional, logical, and physical architecture with requirements
linked to components and model-to-model allocations defined.

Functional Architecture Model for Mobile Robot

The functional architecture model describes functional dependencies: controlling a mobile robot
autonomously, localization, path-planning, and path-following. To open the functional architecture
model, double-click the file or run this command.

systemcomposer.openModel ("RobotFunctionalArchitecture");

RobotFunctionalArchitecture

Userinput

Identify Target Position

Targel Stzte

Targat State

Flan Path Check Safety
Compute Salf Position

> InBus < Ezecuting Safety Stop

Rebey Staln [ b Rnhat Stals My Becsincation & Valaily o ] Maz Ancalaralion & Usicsily

Follow Path Artuate Molors

‘erget Moo Velocily b b Targs: Moler veloclty

I> Robul Slate Driviog Commard = b Crivng Cormmend
Motar Valasily o < Maotor Valeeity
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Logical Architecture Model for Mobile Robot

The logical architecture model describes the behavior of the mobile robot system for simulation:
trajectory generator, trajectory follower, motor controller, sensor algorithm, and robot and
environment. The connections represent the interactions in the system. To open the logical
architecture model, double-click the file or run this command.

systemcomposer.openModel ("scMobileRobotLogicalArchitecture SS");

scMoblleRobotLogicalArchitecture S5

Environment o

Trajectory Follower P-:I Motor Controller "

i i~
Trajectory Generator & = TrajectoeyFallawer = = MotorControler = Robot Body b

Trapciory > b Waypaints TarpelSpeed b Target

Sensor Processing

Lidar Scan <

<] quatemian Image <}

| ks

Physical Architecture Model for Mobile Robot

The physical architecture model describes the hardware components and their connections: the
sensor, actuators, and embedded processor. The colors and icons indicate the stereotypes used for
each element. To open the physical architecture model, double-click the file or run this command.

systemcomposer.openModel ("scMobileRobotHardwareArchitecture");

5-26



Design Architecture Models

scMobileRobotHardwareArchitecture

Payload D
Lidar Sensor )
Point Cloud b }——— - :
i
& |
H
RGB Camera ) 5 ! -
é i Mobile Robot Case
i
|
IMAGE Pr - —mm = m ey |
|
i
! i
= !
51 |
* ! g
P (S0
g E
E | T |
v v
Controllar é Target Machina {E
Ugar Ingut [» F========-
i Encoder Reading 1 <1 b------------= Wheels
e [+ COMmMands H
e — Encoder Reading 1
Eneader Reading 2 <} -——-—----———------------- a1 Encoder Reading 2

Emergency Switch D
------~-{I> EmesgCrred : .
ACIUSE INpUl [ b mmm e e

ErergCmd [ b-m--mmmmni %
i
&
+-
8 &
& &
Battery O Power Supply Board O Charge Board O
Pawer [> I Babiery Powes Power < < Powes

Link Requirements to Components

Requirement traceability involves linking technical requirements to components and ports in
architecture models, thereby allowing the connection between an early requirements phase and
system-level design. You can easily track whether a requirement is met by connecting components
back to stakeholder needs. You can add requirement links by dragging requirements to a component.

To view requirements, open the Requirements Manager by navigating to Apps > Requirements
Manager.

The Identify Target Position component in the functional architecture model implements the
Autonomous Charging requirement, STAKEHOLDER-05. To show or hide linked requirements, click
the requirement icon on the top-right corner of a component.
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RobotFunctionaltrchitecture X Plan Path

& RobotFunctionalArchitecture ¥
@
— STAKEHOLDER-05: Autonomous ..-
™ IMPLEMENTS
:
- . wyn [El STAKEHOLDER-05 Autonomous Charging =
|d‘E ntlfy Ta rgﬂt Pﬂﬁltlﬂn [El STAKEHOLDER-04 Transportation Hide
=]
- OutBus l::-:ﬁi
5
[T}
b

Requirements - RobotFunctionalArchitecture

View: |Reaurements ~ | | e ||| @] | ][] [ & @ (€]

ndex SUMmary
A |h| schMobileRobotStakeholderMeeds
E 1 STAKEHOLDER-01 Endurance
E 2 STAKEHOLDER-O2 Payload
E 3 STAKEHOLDER-03 Operating Speed
v E 4 - Autonomy
E 41 STAKEHOLDER-04 Transportation
B 42 STAKEHOLDER-05 Autonomous Charging
E 43 STAKEHOLDER-DB Collision Avoidance
v Es ) Reliability
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You can view the requirements linked to the hardware architecture model in the Requirements
Browser. After selecting STAKEHOLDER- 04, only components related to the Transportation
requirement are shown.

LS| RobotFunctionalArchitecture  Plan Path EE  Property Inspector
® |[FdRobotFunctionalarchitecture ¥ ~ | | Reguirement: STAKEHOLDER-04
" Details
@ [STAKEHOLDER-05: Autonomaus ..
A User Input ~ Properties
E A EMENTS
) / Type: Functional ¥
= /
. Indee: a1
- Identify Target Positiol] v Custom ID: |';rA><EHOLDER-o4 |
g
o]
7] Summary: |Tran5pon:at\on |
g
E OutBus > b Description Rationale
|STAKEHOLDER-04: Transpdiation &
; 5 The robot must be able to relocate an
1y Ig,“ object in the warehouse from one
- positions to another with a tolerance of
- Plan Path = +0.1m.
O Compute Self Position =
I InBus Execufing Safety Stop <
Robot State > [» Robot State Max Acceleration & Velocity <
I v,
=
®Blag £
= = v Keywords:
» e 3 B
Requirements - RobotFunctionalArchitecture ||| * Revison information.:
ver: e~ BOE EEE DEOE EE T nks
” Bl ¢= Implemented by:
B STAKEHOLDER-02 Payload E Plan Path
B3 STAKEHOLDER-03 Operating Speed Identify Target Pos_'tl'on
Compute Self Position
v B 4 Autonomy
_ El 4= Related to:
B 41 STAKEHOLDER-04 Transportation B
: SYSTEM-REQ-05 Self-l ocalizati
B 4z STAKEHOLDER-05 Autonomous Charging 2=l o oA
E 43 STAKEHOLDER-06 Collision Avoidance
El = Related to:
v Es Reliability o
El SYSTEM-REQ-05 Self-localizati
B 31 STAKEHOLDER-0T MTBR
B s2 STAKEHOLDER-08 MTBF vl € b

Allocate Architectures

You can allocate functional components to physical components using model-to-model allocations. To
open the Allocation Editor, navigate to Modeling > Allocation Editor, or run this command.

systemcomposer.allocation.editor

Load the allocation sets.

allocSetFunc = systemcomposer.allocation.load("FunctionalAllocation");
allocSetPhys = systemcomposer.allocation.load("PhysicalAllocation");

Allocate Functional to Physical Architectures
Click Scenario 1 under the FunctionalAllocation allocation set.

Select the Component in the Row Filter and Column Filter sections. The Allocation Editor tool
allows you to link components between different architecture models to establish traceability for your
project. Double-click the boxes in the allocation matrix to allocate or deallocate two elements.
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- D RobotFunctional Architecture
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~ [™] user Input 4
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In the functional architecture, the trajectory generator requires components such as Identify
Target Postion, User Input, and Compute Self Position, sothese components are allocated
to the Trajectory Generator component in the logical architecture.

Allocate Logical to Physical Architectures

Click Scenario 1 under the PhysicalAllocation allocation set.
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~ [=] Target Machine
+ [RGB Camera
D Maohile Robat Case

- D Lidar Sensar

- D schlobileRobotHardwaredrehitecture
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- D scMobileRobotLogicalArchitecture_S5

™ Adapter

™ Motor Controlier

™ Robot Body 4 4

™ Trajectory Follower

1

4

1

1

™ Environment

[ Sensor Processing

+ [™] Scan Matching Algorithm 4

+ ™ Sensor Fusion 4

+ [™ Alignment Algorithm 4
- D Trajectory Generator . 4

The autonomy of a vehicle is mostly handled by a target machine, which is an embedded computer
responsible for processing sensor readings to calculate control inputs. Therefore, many functional
components like Robot Body, Sensor Fusion, and Trajectory Generator are allocated to the
Target Machine component in the physical architecture model.

See Also
allocate | addComponent | addPort | connect

More About

. “Compose Architectures Visually” on page 1-2

. “Link and Trace Requirements” on page 2-2

. “Create and Manage Allocations Programmatically” on page 8-8
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Define Stereotypes and Perform Analysis

5-32

Stereotypes add an additional layer of metadata to components, ports, and connectors in System
Composer. A stereotype is a custom extension of the modeling language. Stereotypes provide a
mechanism to extend the architectural language elements by adding domain-specific metadata. The
hardware architecture model provides a basis to understand the stereotypes applied to model
elements, create filtered views based on the stereotypes, and perform an analysis on the model.

Define Stereotypes and Perform Analysis

This mobile robot example includes a profile applied to a physical architecture with stereotypes and
properties defined. You can use views to display stakeholder concerns. Perform a remaining useful
life (RUL) analysis on the life expectancy of the hardware components.

Hardware Architecture Model for Mobile Robot

The hardware architecture model describes the hardware components and their connections: the
sensor, actuators, and embedded processor. The colors and icons indicate the stereotypes used for
each element. To open the hardware architecture model, double-click the file or run this command.

systemcomposer.openModel ("scMobileRobotHardwareArchitecture");



Define Stereotypes and Perform Analysis

scMobileRobotHardwareArchitecture

Lidar Sensor )
Point Cloud b }——— - :
a |
RGB Camara  *) 5
4 |
i
L . i
' i
= :
£ - —
5 T g |
= ! g
-3 z
E | g |
v v
Controller é Target Machine {E
Uzar Ingut [» F-=======—

! Encoder Reading 1 <1
[» Cammands

Encoder Reading 2 1} -————-----—==---—=——=— - -

Emergency Switch D

--------{I> EmergCm
! Aclugton Inpul [»
EmergCme [ k---------i

Battery

=

Pawer [

Payload

Mobile Robot Case

Wheels

- 1 Encoder Reading 1
<1 Encoder Reading 2

-{I» Actuator Input

]
B
+-
8 &
& &
Power Supply Board O Charge Board O
I Babiery Powes Power < < Powes

View Stereotypes and Properties in Profile Editor

In this example, the HardwareBaseStereotype stereotype is defined as an abstract stereotype and
is extended to connector and component stereotypes. For example, a DataConnector stereotype is a
connector stereotype that inherits the HardwareBaseStereotype.

To focus on expected time before first maintenance, define properties such as UsagePerDay,
UsagePerYear, and Life. Setting these properties allows you to analyze each hardware component
to make sure the mobile robot will last until first expected year of maintenance. To open the Profile

Editor, navigate to Modeling > Profile Editor.
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Profile Browser

Filter profiles:

Stereotype Properties

~ [=] MobileRobotProfile
é Controller

> DataPort
HardwareBaseStereotype
O MechanicalComponent

PowerPort

O PowerSupply
ﬂ Processor
'1} Sensar

<all> v Name: ‘HardwareBaseStereotype
Applies to: | <all> -
€9 Actuator Base stereotype: | <nothing> -
DataConnector Abstract stereotype

Description: | Base stereotype used for Hardware Architecture

PowerConnector alt v
Property name Type Mame Unit Default

1 Name string ¥ |nfa n/a

2 Mass double ¥ |nfa kg 0

3 Life double ¥ |nfa hours 999999

4 UsagePerDay double ¥ |nfa hours 0

5 UsagePerYear double ¥ |nfa days 0

6 ExceedExpectedMain... boolean ¥ |nfa n/a O
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In addition to properties like name and mass, the DataConnector stereotype has a property of
enumeration type, TypeOfConnection, that describes which of the three connection types it uses:
RS232, Ethernet, or USB. To generate custom data types, create a script simlar to
ConnectorType.m. For more information, see “Simulink Enumerations”.

Apply Stereotypes to Elements in Model

Once you define stereotypes in the Profile Editor, you can apply them to components, ports, and
connectors. Apply stereotypes using the Property Inspector. To open the Property Inspector, navigate
to Modeling > Property Inspector.

To add stereotypes to elements, select the element in the diagram. In the Property Inspector, select
Main > Stereotype. You can apply multiple stereotypes to the same element. Apply the
MobileRobotProfile.Sensor stereotype to the Lidar Sensor component to add properties.
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Referenced Files

scMobileRobotHardwareArchitecture

[ B 1

O B [

schobileRobotHardwareArchitecture P

Lidar Sensor

Power

Paint Cloud [> ---

Property Inspector

Component

Architecture Info

* Main
Mame

Stereotype

Lidar Sensor

Add.. ~

MobileRobotProfile Actuator
MobileRobotProfile. Controller
MobileRobotProfile. Mechanica
MobileRobotProfile. PowerSupg
MaobileRobotProfile Processor
MobileRobotProfile Sensor k
<Mew / Edit>

Some components remain in use for longer periods of time than others. The Lidar Sensor
component is used for obstacle avoidance in this scenario, so it is always in use except when it is
charging. The RGB Camera only aligns the robot to the charging station, so it is in use for a shorter
period per day. You can change values for the UsagePerDay, UsagePerYear, and Life properties to
determine the expected maintenance time for components that are each used with different

frequency.
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The property ExceedExpectedMaintenance is set to false by default. This property will update
when you run your analysis.

Architecture Views for Hardware Architecture Model

Use the Architecture Views Gallery to review changes you make in the architecture model.
Architecture views allow you to create filtered views and thereby focus on few elements of the model,
which enables you to navigate a complex model more easily.

To open the Architecture Views Gallery, navigate to Modeling > Architecture Views.

Select New > View to create a new view.

Name the view in the View Properties pane on the right.

P W N R

In the bottom pane, under View Configurations > Filter, select from the list Add Component

Filter > Select All Components to show all components in the view. Select Apply 4

5 Select the Component Hierarchy view. The hierarchy of the components is flattened to show all
subcomponents in one view.
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7  You can apply a filter to view components with the Life Expectancy requirement. Select New >
View and name the view in the View Properties pane on the right.

8 In the bottom pane under View Configurations > Filter, select Add Component Filter.

Life Expectancy
Views b Life Expectancy

[ Life Expectancy

Stereotype
Name

MobileRobotProfile HardwareBaseStereotype. Name

Configurations

MobileRobotProfile HardwareBaseStereotype Mass

FILTER GROUPING IMobileRobotProfile HardwareBaseStereotype Life |

I
MobileRobotProfile HardwareBaseStereotype UsagePerDay be

[T, Add Component Filter || (b Add Port Filter || |« Apply
MobileRobotProfile HardwareBaseStereotype UsagePeryear
l:j', COMPONENT FILTER . .
MobileRobotProfile. HardwareBase Stereotype ExceedExpectedMaintenance
Select Components - Where | MobileRobotProfile. HardwareBaseSte. .. | - | = ~ | | 999999 Unit

h

Select Apply ¥ Observe the components with the Life property defined.
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The components with the Life property defined are components for which expected time before first
maintenance is a concern.

Analyze Hardware Components for Life Expectancy

Analyze the system to check if the components and connectors will last longer than the expected time
before first maintenance. This value is set to two years in the analysis function. Navigate to
Modeling > Analysis Model to open the Instantiate Architecture Model tool.

Select all stereotypes to make them available on the instance model. Select
scMobileRobotAnalysis.m as the analysis function. The iteration order determines in what order
the component hierarchy is analyzed. However, since each component is analyzed separately, the
order does not matter. Select the default iteration order Pre-order.
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Description

Create an instance model from this architecture model by flattening out all referenced models and their components. Such an [ o,
instance model may be used for system-level analysis expressed as MATLAB functions. &

Step 1: Select Stereotypes

Select the sterectypes to make available on
the instance model.

v [ MabileRobatProfile
Actuator
Controller
DataConnectar
DataPort
HardwareBaseStereotype
MechanicalComponent
PowerConnector
PowerPort
PowerSupply
Processor
Sensor

Strict Mode

Don't see your profile? | Profile Editor ...

Step 2: Configure Analysis

Function

Analysis function:

|scMobileRobotAnalysis |13 4| |@

Function arguments (comma-separated):

»> scMobileRobotAnalysis(instance)

Model Iteration

Iteration Order: | Pre-order -

Instance Model Properties

Name: |scHobilERobotHardwaPEArchitectur*e

] Mormalize Units

% Cancel I) Instantiate

Click Instantiate to instantiate the model and open the Analysis Viewer tool. Relevant components
and connectors with stereotypes are shown. Since all stereotypes are selected, all elements with
stereotypes are shown in the instance model. Model analysis will calculate which components and
connectors will last longer than the expected two years. Click Analyze to perform the calculation.
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&7 Instances TypeOfConnection ExceedExpectedMaintenance Life Mass UsagePerDay UsagePerYear
4 [ scMobileRobotHardwareArchitecture
o Battery | 10000 0 24 365
o Charge Board o 2000 0 2 180
O Controller 1000 0 365
O Emergency Switch 3000 0 05 52
o Lidar Sensor | 10000 0.2 20 365
o Mobile Robot Case ] 6000 3 24 365
o Payload 999999 0 0 0
O Power Supply Board 4000 0 2 180
o RGE Camera 1000 1 1 365
O Target Machine 5000 22 05 180
4 [ Wheels

4 (3 Wheel Unit1
O Encoder 15000 0 20 365
o Gear | 5000 0 20 365
o Moter " 30000 0 20 365
o Motor Driver | 3000 0 20 365
o Wheel O 5000 0 20 365

4 (3 Wheel Unit2
O Encoder 15000 0 20 365
o Gear | 5000 0 20 365
o Motor " 30000 0 20 365
o Motor Driver ] 3000 ] 20 365
o Wheel [l 5000 0 20 365

The components for which usage is not defined are components that last significantly longer than the
expected time and are therefore excluded from analysis. The analysis function calculates whether the
time before first maintenance for each component and connector will exceed Life, which is set to
two years. The unchecked boxes indicate that components and connectors will need maintenance
within two years.

To refresh the instance model in the Analysis Viewer, select Overwrite, then click Refresh. This
action will retrieve the values back from the source model, in this case, the hardware architecture
model. Since ExceedExpectedMaintenance was the only property changed, it reverts back to its
default value. Conversely, when you click Update the property values in the hardware architecture
source update according to the instance model.

See Also
applyProfile | applyStereotype | openViews | instantiate

More About

. “Define Profiles and Stereotypes” on page 5-2

. “Create Architecture Views Interactively” on page 11-5
. “Analyze Architecture” on page 9-2

. “Analysis Function Constructs” on page 9-9
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Simulate Architectural Behavior

To simulate the mobile robot logical architecture, link Simulink models to the components or add
Simulink subsystem components. For details, see “Implement Component Behavior Using Simulink”
on page 7-2. These models act as Simulink behaviors and can be simulated in System Composer by
clicking Run. The simulation shows how well the mobile robot follows a trajectory created by a
controller to avoid an obstacle.

Note This example uses Simscape blocks. If you do not have a Simscape license, you can open and
simulate the model but can only make basic changes, such as modifying block parameters.

Simulate Architectural Behavior

The mobile robot example includes a logical architecture with component behaviors defined. You can
run the simulation to watch the mobile robot avoid an obstacle.

Add Behavior to Logical Architecture

The logical architecture model describes the behavior of the mobile robot system for simulation:
trajectory generator, trajectory follower, motor controller, sensor algorithm, and robot and
environment. The connections represent the interactions in the system. Open the logical architecture
model without any behaviors, double-click the file or run this command.

systemcomposer.openModel ("scMobileRobotLogicalArchitecture Initial");

scMobil

1 ih

lArchitecture_Initial

Environment

' o
g ] ;
2
] & =
2
[
%
©
3 .
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i
& & £
Trajectory Follower Mator Controller Rohctté]od U U
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Controlinput [ I+ Controlinput
Trajectory [- [+ Waypaints TargetSpeed [ [» Tanget
Measurement < <1 Measurement
-4 = = = v v

Lidar Scan
Image

Sensor Processing

< xy Lidar Sean <

<1 quatarnion mage <
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The architecture model describes the behavior of the robot, but no behavior is actually added to the
architecture yet. By adding Simulink or Stateflow® behavior, the logical architecture can also be
simulated.

Create a new behavior based on the interface of a component. If a model or subsystem file already
exists for the behavior, use Link To Model to link to the exisiting model or subsystem. To create
new subsystem reference behavior for the Motor Controller component, right-click and select
Create Simulink Behavior, or, on the toolstrip, click Create Simulink Behavior. For more
information, see “Implement Component Behavior Using Simulink” on page 7-2.

o
O

_ Motor Controller Compon

Explore [
[> Target Open In New Tab
Open In New Window

Cut Ctrl+X
Copy Ctrl+C

il gF 8

Paste Ctrl+W

Save As Architecture Model...

Create Software Architecture Model...
Create Simulink Behavior...

Create Stateflow Chart Behavior

Sensor Pro i
! Link to Model...

You can create Simulink behaviors using mulitiple methods: Subsystem, Subsystem Reference,
and Model Reference. Use Subsystem to create a subsystem component behavior that is part of
the parent architecture model. Use the Subsystem Reference or Model Reference option to save
the behavior as a separate artifact and reuse the behavior. Physical ports can only cross subsystem
boundaries, so for physical systems, Subsystem Reference or Subsystem are recommended.

If you already have a behavior defined in a model file or subsystem file, use Link To Model to link a
component to the corresponding file. On the toolstrip, click Link to Model, or right-click the

Environment component and select Link to Model to link to the Environment.slx subsystem
file.
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Logical Architecture Model for Mobile Robot

Open the final logical architecture where behavior is added to all the components.
systemcomposer.openModel ("scMobileRobotLogicalArchitecture");

The Robot Body and Environment are Simulink subsystem reference components that support
physical ports. The Trajectory Generator is a Simulink subsystem component that also supports
physical ports. The Trajectory Follower and Motion Controller components are represented
as Simulink models linked to the components as referenced models.

A behavior algorithm is created based on port information only. When designing a logical
architecture, you can set the interface of the port to define the information in more detail. For
example, if you know that 800 x 600 RGB images captured at 24 frames per second are transferred
from the camera sensor, then you can set the corresponding port interfaces accordingly to ensure
efficient data transfer. For more information about setting interfaces, see “Define Port Interfaces
Between Components” on page 3-2.
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Run Simulation Using Logical Architecture

Once behavior models are linked, you can simulate the architecture model just like any other
Simulink model by clicking Run. Simulation verifies requirements such as Transportation,
Collision Avoidance, and Path Generation.

sim scMobileRobotLogicalArchitecture;

The scope from the MotorController component behavior shows how a simple P-gain controller
performs to follow the reference velocity for one of the wheels on the robot.
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4\ Scope - [scMobileRobotLogicalArchitecture] — L] X

File Tools View Simulation Help N

@-0P® - qQ-[C-FH-

Bus Element In
Unit Delay

Ready Sample based T=10.000

In the Mechanics Explorer (Simscape Multibody), switch to the isometric view by selecting <= .
Watch the mobile robot avoid an obstacle.
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See Also
createSimulinkBehavior

More About

. “Define Port Interfaces Between Components” on page 3-2

. “Explore Simulink Bus Capabilities”

. “Implement Component Behavior Using Simulink” on page 7-2
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Describe System Behavior with
Diagrams

* “Describe System Behavior Using Sequence Diagrams” on page 6-2

* “Author Sequence Diagram for Traffic Light Example” on page 6-4

* “Use Sequence Diagrams with Architecture Models” on page 6-16

* “Author Sequence Diagram Fragments” on page 6-29

* “Synchronize Sequence Diagrams and Architecture Models” on page 6-40
» “Simulate Sequence Diagrams for Traffic Light Example” on page 6-44
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Describe System Behavior Using Sequence Diagrams

6-2

A sequence diagram represents the expected interaction between structural elements of an
architecture as a sequence of message exchanges.

Use sequence diagrams to describe how the parts of a system interact.
Sequence diagrams are integrated with architecture models in System Composer.

* “Author Sequence Diagram for Traffic Light Example” on page 6-4: Interactively create and edit
a sequence diagram and learn terminology.

* “Author Sequence Diagram Fragments” on page 6-29: Learn how to implement fragments and
more about fragment semantics.

* “Use Sequence Diagrams with Architecture Models” on page 6-16: Create and use sequence
diagrams with architecture models.

* “Synchronize Sequence Diagrams and Architecture Models” on page 6-40: Learn how to
synchronize sequence diagrams with architecture models.

A lifeline is represented by a head and a timeline that proceeds down a vertical dotted line.
The head of a lifeline represents a component in an architecture model.

A message sends information from one lifeline to another. Messages are specified with a message
label.

A message label has a trigger and a constraint. A trigger determines whether the message occurs. A
constraint determines whether the message is valid.

An annotation describes the elements of a sequence diagram.

Use annotations to provide detailed explanations of elements or workflows captured by sequence
diagrams.

A fragment indicates how a group of messages within it execute or interact.
A fragment is used to model complex sequences, such as alternatives, in a sequence diagram.

An operand is a region in a fragment. Fragments have one or more operands depending on the kind
of fragment. Operands can contain messages and additional fragments.

Each operand can include a constraint to specify whether the messages inside the operand execute.
You can express the precondition of an operand as a MATLAB Boolean expression using the input
signal of any lifeline.
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See Also

More About

. “Simulate Sequence Diagrams for Traffic Light Example” on page 6-44
. “Compose Architectures Visually” on page 1-2

. “Implement Component Behavior Using Simulink” on page 7-2

. “Implement Component Behavior Using Stateflow Charts” on page 7-14
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Author Sequence Diagram for Traffic Light Example

6-4

You can create, edit, and simulate sequence diagrams in System Composer by accessing the
Architecture Views Gallery. You will learn about the basic terminology and functions of a sequence
diagram in two stages.

» Add lifelines and messages with message labels including triggers and constraints to represent
interactions.

* Include fragments and operands with constraints to further specify the behavior of the interaction.

A lifeline in a sequence diagram represents a component in the architecture. A message represents a
communication across a path between the source lifeline and destination lifeline. The path for a
message must consist of at least two ports and one connector from the architecture model. With
nested messages, the path is more complex due to the hierarchy to be navigated.

For a roadmap of the sequence diagram topics, see “Describe System Behavior Using Sequence
Diagrams” on page 6-2.

This figure shows a traffic light architecture model and a corresponding sequence diagram that
describes one operative scenario. The traffic light model describes a cycling traffic light, the
pedestrian crossing button being pressed, and the lights changing so pedestrians can cross.

To learn how to execute this sequence diagram to simulate the model, see “Simulate Sequence
Diagrams for Traffic Light Example” on page 6-44.
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Note This example uses Stateflow blocks. If you do not have a Stateflow license, you can open and
simulate the model but can only make basic changes, such as modifying block parameters.

Traffic Light Example

This traffic light example contains sequence diagrams to describe pedestrians crossing an
intersection. The model describes these steps:

1
2

The traffic signal cycles from red to green to yellow.

When the pedestrian crossing button is pressed, if the traffic signal is green, the traffic signal

transitions from yellow to red

for a limited time.
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Model Components

3 The pedestrians cross while the walk signal is active.

Open the System Composer model that contains the sequence diagrams.
model = systemcomposer.openModel('TLExample');

Open the Architecture Views Gallery to view the sequence diagrams.

openViews (model)

Add Lifelines and Messages
A lifeline is represented by a head and a timeline that proceeds down a vertical dotted line.
The head of a lifeline represents a component in an architecture model.

A message sends information from one lifeline to another. Messages are specified with a message
label.

A message label has a trigger and a constraint. A trigger determines whether the message occurs. A
constraint determines whether the message is valid.

1 Navigate to Modeling > Sequence Diagram to open sequence diagrams in the Architecture
Views Gallery.

2 To create a new sequence diagram, click New > Sequence Diagram.

A new sequence diagram called SequenceDiagraml is created in the View Browser, and the
Sequence Diagram tab becomes active. Under Sequence Diagram Properties, rename the
sequence diagram Inhibit.

4 Select Component > Add Lifeline to add a lifeline. A new lifeline with no name is created and
is indicated by a dotted line.

SEQUENCE DIAGRAM - @

= am @

Add . EJ  Check

Lifeline - Consistency
COMPOMENT FRAGMENT | NAVIGATE  SYNCHROMIZE
View Browser Inhibit Sequence Diagram Properties
EE Views Name Value

4 [Ff] Sequence Diagrams | i 1 4 Main
f£7] Inhibit

Mame Inhibit




Author Sequence Diagram for Traffic Light Example

Click the down arrow and select source. The source lifeline detects when the pedestrian
presses the crossing button. Add four more lifelines using the down arrow named poller,
switch, controller, and lampController. The poller lifeline checks if the pedestrian
crossing button has been pressed, switch processes the signal, controller determines which
color the pedestrian lamp and traffic light should display, and lampController changes the
traffic light colors.

Inhibit

3

o 3
‘ controller 0

‘ lampController ":~JC|

source D’J ‘ poller 0 switch

Draw a line from the source lifeline to the poller lifeline. Start to type sw in the To box, which
will automatically fill in as you type. Once the text has filled in, select sw.

Inhibit

source D‘ﬁ] l poller o

switchout

Since the switchout port and sw port are connected in the model, a message is created from
the switchout port to the sw port in the sequence diagram.

A message label has a trigger and a constraint. A trigger determines whether the message
occurs, and a constraint determines whether the message is valid. For signal messages, the
trigger is called an edge.

You can enter a condition that specifies a triggering edge with a direction and an expression. You
can also optionally add a constraint in square brackets to the message. Constraints consist of a
MATLAB Boolean expression acting on the inputs of the destination lifeline.

direction(signalPort(+]|-)positiveReal) [booleanExpression]
There are three directions for edges:

* crossing — The edge expression is either rising or falling past zero.

* rising — The edge expression is rising from strictly below zero to a value equal to or greater
than zero.
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+ falling — The edge expression is falling from strictly above zero to a value equal to or less
than zero.

Click on the message and double-click on the empty message label that appears. Enter this
condition and constraint.

rising(sw-1) [sw==1]

The message will be triggered when the sw signal rises from below 1 to a value of 1 or above.
The constraint in square brackets indicates that if sw is not equal to 1, the message is invalid.

Note Only destination elements are supported for message labels. In this example, switchout
is a source element and cannot be included.

Inhibit

source p}h‘ [ poller o

nising(sw-1)[sw==1]

switchout SW

AP (S —

The signal name sw is valid input data on the port for a Stateflow chart behavior. The poller
component with state chart behavior has sw in the Symbols pane.
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« 4 poller
® TLExampIe » FﬁpOIIer
« % Detection
Cl after(0.1, sec) a;ter(o.s, sec) [sw > 0]
3
(3] (Debounce ‘ N
o 1
N [sw > 0]
"
O
® [sw < 0]
1
"2 \_ ‘ )
¢ [sw<0] after(0.1, sec)

Symbols

. ¥

TYPE
&
=

NAME

switchEvent

VALUE

PORT

1

1

Note The signal name can also be a data element on a data interface on a port. Enter Tab to
autocomplete the port and data element names. For more information, see “Represent System

Interaction Using Sequence Diagrams”.

In this example, when the sw signal becomes 1, the pedestrian crossing button has been pressed,
and a message to the poller lifeline is recognized.

8 In addition to signal events, sequence diagrams also support message events. Create a message
by drawing a line from the poller lifeline to the switch lifeline. Start typing switchEvent in
the To box until switchEvent is available to select.

Inhibit

source > poller ?é,l switch ?f:‘i ‘ controller 'E'G

1

1

1

I

||

1

- . I

rising(sw-1)[sw==1] I

switchout SW :

1

1

)

.

| switchEvent I
I by

6-9
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Since there is an existing connection in the architecture model, a message is created from source
port switchEvent.

9 Click the message and double-click the empty message label that appears. Enter this condition
representing the port and constraint.

switchEvent[switchEvent==1]

Inhibit

source f’ﬁ] [ poller ?;:", switch %},

| I ‘ [
| [ [
| I |
| [ I
1 1 | |
| [ [
1 I I
1 rising(sw-1)[sw==1] 1 I

switchout ; ’: SW :
| - '
I switchEvent[switchEvent==1]
: switchEvent | F: switchEvent
|
|

6-10

When the message switchEvent is received and its value is 1, the message has occurred and is
valid.

Add Fragments and Operands
A fragment indicates how a group of messages within it execute or interact.
A fragment is used to model complex sequences, such as alternatives, in a sequence diagram.

An operand is a region in a fragment. Fragments have one or more operands depending on the kind
of fragment. Operands can contain messages and additional fragments.

Each operand can include a constraint to specify whether the messages inside the operand execute.
You can express the precondition of an operand as a MATLAB Boolean expression using the input
signal of any lifeline.

To access the menu of fragments:

1 Click and drag to select two messages.




Author Sequence Diagram for Traffic Light Example

Inhibit
source ’ﬁ} ‘ poller ?&, switch ?&, ‘ controller ?5 ‘ lampController ?&‘,

1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 ! I 1 1
L] L] L] ] L]
1 1 1 1 1
1 1 1 1 1
1 nsing(sw-1)[sw==1] \! 1 I 1

switchout P sw ! ! !
1 1 1 1 1
1 1 ' 1 1
1 switchEvent[switchEvent==1] I 1
: switchEvent | ¥ switchEvent : :
1 1 1 1 i
1 I 1 pedRequest I 1
, . switchPush | P, pedRequest .
1 1 1 ' 1
1 I 1 switchPed[switchPed==1] 1
: : lampColor I N ’:switchF'ed
1 1 I 1 1
1 1 1 1 1
1 1 1 1 1 [
1 1 I 1 1
1 1 1 1 1

2 Pause on the ellipsis (...) that appears to access the action bar.
Inhibit
source bﬁ‘ ‘ poller ?5 switch ?el ‘ controller ?é: lampCaontroller ?&‘.

1 1 1 1 1
1 1 1 1 1
[ 1 1 1 1
] | | i |
1 1 1 1 1
' 1 1 1 1
1 rising(sw-1)[sw==1] \! 1 I 1

switchout P sw ! ! !
1 1 1 1 1
1 1 ' 1 1
1 switchEvent[switchEvent==1] I 1
: switchEvent | ¥\ switchEvent : :
1 1 1 1 1
1 I 1 pedRequest I 1
: : switchPush | V; pedRequest :
1 1 1 ' 1
1 ] 1 switchPed[switchPed==1] 1
: : lampColor | | ’:swnchped
1 1 1 1 1
1 1 1 1 1 @
[ 1 1 1 1
1 1 1 1 1

3 Alist of fragments appears:

* Alternative (Alt) fragment

* Optional (Opt) fragment

* Loop (Loop) fragment

* Weak sequencing (Seq) fragment

» Strict sequencing (Strict) fragment
» Parallel (Par) fragment

For more information, see “Author Sequence Diagram Fragments” on page 6-29.
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Select the “Alt Fragment” on page 6-35 fragment.

switch ?a ‘ controller ?E) [ lampController ?&.
1 I 1
1 I |
| 1 |
I I I
L] ] | |
1 I |
1 I 1
1 I |
| 1 |
1 I 1
_ ' I |
FwitchEvent==1] | I
"I switchEvent : :
1 I |
I pedRequest | I
switchPush | ’: pedRequest :
1 ' 1
I switchPed[switchPed==1] I
lampColor | | ’:switchped
I | I s == 1
1 I 1
1 I 1

6-12

4 The “Alt Fragment” on page 6-35 fragment is added to the sequence diagram with a single
operand that contains the selected messages.




Author Sequence Diagram for Traffic Light Example

Inhibit

source 9}‘ ‘ poller ?é, switch E&‘i ‘ controller ?é, ‘ lamp Controller ?él

1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
L] L} L] ] L]
1 1 1 1 1
' 1 1 i 1
1 rising(sw-1)[sw==1] ! 1 1 1

switchout 7 sw ! ! !
1 1 1 1 1
1 ' ) [ 1 1
1 switchEvent[switchEvent==1] I 1
: switchEvent | P, switchEvent : :
1 1 1 1 1
1 1 1 1 1
1 1 t i t
1 1 Alt 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
. . | pedRequest Al |
1 I switchPush 1 ¥ipedRequest 1
1 1 1 1 1
X | X switchPed[switchPed==1] o
1 I lampColor 1 I FiswitchPed
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1

5 Select the fragment to enter an operand condition. Choose a fully qualified name for input data
and use a constraint condition relation.

switch/inhibit==0

This constraint is a precondition that determines when the operand is active. This constraint
specifies that the inhibit flag is set to 0. Thus, pedestrian crossing is allowed at this
intersection using a pedestrian lamp.

6-13
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Inhibit
source *ﬁ‘ ‘ poller l‘:-% switch %é,‘ ‘ controller 'E';:‘, ‘ lampController ?&,
1 1 1 I 1
1 1 1 I 1
1 1 I I 1
1 I I I 1
] ] T I T
1 1 1 I 1
" 1 I I 1
1 rising(sw-1)[sw==1] ! 1 1 1
switchout P sw ! ! !
1 1 1 I 1
1 1 ' I 1
1 switchEvent[switchEvent==1] I 1
: switchEvent | ¥, switchEvent : :
1 1 I I 1
1 1 I I 1
] 1 1 i 1
1 1 Alt v I 1
1 1 L 1 1 1
: : [ switch/inhibit==0 ] : :
: : . : pedRequest L: :
1 ] switchPush 1 ¥ipedRequest 1
1 1 I 1
X | switchPed[switchPed==1] o
1 I lampiColor I ¥1switchPed
1 1
1 1
1 1
1 1
1 1
1 1

6-14

The messages inside an operand can only be executed if the constraint condition is true.

6 Highlight the first operand under the “Alt Fragment” on page 6-35 fragment and select from the
toolstrip Fragment > Add Operand > Insert After. A second operand is added.

Add a constraint condition relation to the second operand. The second operand in an “Alt
Fragment” on page 6-35 fragment represents an elseif condition for which the message will

be executed.

switch/inhibit==

This constraint represents when the inhibit flag is set to 1. Thus, pedestrian crossing is not
controlled by a walk signal on that intersection.

Create a message with a message label inside the second operand.
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Inhibit
source *“ﬁ‘ ‘ poller ?&, switch %é, ‘ controller 'E'é, ‘ lampController ?é,
1 1 1 1 1
| [ 1 1 1
| [ 1 1 1
| ] 1 1 1
] | 1 I ]
| [ 1 1 1
| o [ 1 1 1
1 rising(sw-1)[sw==1] | 1 I 1
switchout Msw ! ! !
| [ 1 1 1
| ) I 1 1
I switchEvent[switchEvent==1] I 1
: switchEvent | P\ switchEvent : :
| [ 1 1 1
| [ 1 1 1
1 1 T i T
| [ Alt 1 1 1
| [ L 1 1 1
: : [ switch/inhibit==0 ] : :
: : : pedRequest L: :
| [ switchPush | FipedRequest 1
| [ 1 1 1
| : : switchPed[switchPed==1] L:
I I lampiColor i I Vi switchPed
| [ 1 1 1
| [ 1 1 1
I [ | 1 1 1
: : [ switch/inhibit==1 ] : :
| : | switchPed[switchPed==2] K
I I lampyColor i 71 switchPed
| [ 1
| [ 1
| [ 1
| [ T
| [ 1
| [ 1
1 1 1

RO ——

For the first operand in the “Alt Fragment” on page 6-35 fragment, since the inhibit flag is set
to 0, the first message to the controller lifeline is recognized when the pedRequest message
is valid. Then, when the switchPed message value is 1, the lampController component
behavior allows pedestrians to cross.

For the second operand in the “Alt Fragment” on page 6-35 fragment, since the inhibit flag is
set to 1, the switch bypasses the controller. The message switchPed with a value of 2 goes
directly to the Llampcontroller which does not affect the traffic signal. Pedestrian crossing is
not specifically supported in this traffic intersection.

See Also

More About

“Describe System Behavior Using Sequence Diagrams” on page 6-2
“Compose Architectures Visually” on page 1-2

“Implement Component Behavior Using Simulink” on page 7-2
“Implement Component Behavior Using Stateflow Charts” on page 7-14
“Define Port Interfaces Between Components” on page 3-2
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Use Sequence Diagrams with Architecture Models

6-16

You can author sequence diagrams to describe expected system behavior as a sequence of
interactions between components of a System Composer architecture model. Lifelines correspond to
components in an architecture model, and messages correspond to the connectors between the
components. You can create multiple sequence diagrams to represent different operational scenarios
of the system. Sequence diagrams are integrated into the Architecture Views Gallery in System
Composer.

For a roadmap of the sequence diagram topics, see “Describe System Behavior Using Sequence
Diagrams” on page 6-2.

This traffic light example will show you how to:

* Create a sequence diagram.

* Add child lifelines in a sequence diagram.

* Interact with root architecture ports in a sequence diagram using gates.

* Co-create components and keep the architecture model and the sequence diagram in sync.
» Create messages in a sequence diagram.

* Use the model browser to add components.

Note This example uses Stateflow blocks. If you do not have a Stateflow license, you can open and
simulate the model but can only make basic changes, such as modifying block parameters.

Traffic Light Example with Hierarchy for Sequence Diagrams

This traffic light example contains sequence diagrams to describe pedestrians crossing an
intersection. The model describes these steps:

1 The traffic signal cycles from green to yellow to red.

2 When the pedestrian crossing button is pressed, if the traffic signal is green, the traffic signal
transitions from yellow to red for a limited time.

3 The pedestrians cross while the walk signal is active.

Open the System Composer model that contains the sequence diagrams.

model = systemcomposer.openModel("TrafficLight");

Open the Architecture Views Gallery to view the sequence diagrams.

openViews (model)

The sequence diagram in this example represents an operative scenario in the architecture model.
InputPollNested sequence diagram: When the poller recognizes a signal event as inValue rises

to 1, the pedestrian crossing button is pressed. Next, the switch lifeline recognizes a signal event to
lampcontroller as switchPed rises to 1, which activates the pedestrian crossing signal.
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InputPollNested

InputSubsystem ‘ ’ Controller ‘ ’ lampSubsystem \
1 1 1
1 1 1
: poller ?&, : switch ?&, : lampcontroller ?&,
I I I I I I
1 I 1 I 1 I
1 I 1 I 1 I
T T T T T T
1 I I I I I
1 I B v I I I
I I rising(inValue-1) ! I I
! Lonf T Minvalue ! !
I I I I I I
1 I 1 I ' I
I I I I rising(switchPed-1) !
: : : lampColor I' : "I switchPed
I I I I I I
I I I I I I
I I I I I I
1 I 1 I 1 I
1 I 1 I 1 I
Create Sequence Diagram
Use an architecture model in System Composer to represent a traffic light example.
TraHicL\ght » h
TrafficLight
pSwitch{ b
Controller lampSubsystem
I 1 | pColorfy{ b
InputSubsystem pedCalor [> b trafficPed pSwitch b —4lpSwitch
I 1 binvalue 7
L_on > =y — pedColor - —4@pColor
trafficColor p> b traffic
Inhibit On B X trafficColor b —4fjtColor
LI lampColor B> B switchPad tSwitch b —@tSwitch tColor {1
tSwitchii
i

1 Navigate to Modeling > Sequence Diagram to open sequence diagrams in the Architecture
Views Gallery.

2 To create a new sequence diagram, click New > Sequence Diagram.
In Sequence Diagram Properties on the right, enter the name PedLoop.

Select Component > Add Lifeline from the menu. A box with a vertical dotted line appears on
the canvas. This is the new lifeline.

5 Click the down arrow on the lifeline to view available options. Select the component named
lampSubsystem to be represented by the lifeline.
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oo

Add Dielete A
Lifeline - Operand
COMPOMENT FRAGMEMNT

View Browser

I:IU .
4 55 Views

4 [£7] Sequence Diagrams
[ PedLoop

Model Components

. o
’ . View 1

@
Check
Consistency

MNAVIGATE | SYMCHROMIZE

PedLoop

L

Controller

InputSubsystem

IampSubs'y‘Sﬁem
1

Add Child Lifelines to Sequence Diagram

You can add child lifelines to a sequence diagram to represent model hierarchy and describe the

interactions between lifelines.

1 From the menu, select Component > Add Lifeline. From the list that appears, select the

Controller component.

PedLoop

lampSubsystem

Controller

InputSubsystem

lampSubsystem

e By

2 Child components called lampcontroller and controller are located inside the

lampSubsystem and Controller components, respectively.
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TrafficLight # D lampSubsystem P

lampSubsystem

> @trafficPed

trafficPed [
D> traffic
trafficjp

switchPed p

> gswitchPed

@
lampcontroller
pSwitch [>
P> trafficPed
Cl pedpolor g
> traffic

> switchPed

trafficColor >

tSwitch >

4 pSwitch
@ pedColor
@trafficColor

4tSwitch

pSwitch [ >

pedColorp{ >

trafficColorp 1>

tSwitch[p{ >

3  Select the LlampSubsystem lifeline. Navigate to Component > Add Lifeline > Add Child
Lifeline. Select Llampcontroller. The lampcontroller child lifeline is now situated below
lampSubsystem in the hierarchy.

4 Repeat these steps for the Controller lifeline to add the controller child lifeline.
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PedLoop
lampSubsystem Controller
1
lampcontroller ?&, -
controller L'\\,s
switch

Create Sequence Diagram Gates

1  Select the Lampcontroller lifeline, then click and drag it to the gutter region. Start typing
tSwitch into the To box and select tSwitch from the list. See that a gate called tSwitch has
been created with a message from the lampcontroller lifeline at the port tSwitch.

PedLoop

lampSubsystem ‘ ‘ Controller ‘

Oy

lampcontroller T & T

confroller o

tSwitch
tSwit¢h

- e e e e e e e s e e e
- S e s e e

- o e o e e e e

]
i
|
I
|
|
|
|
|
|
|
|
|

2 Return to the architecture diagram. Observe that tSwitch is a root architecture port connected
to the Llampcontroller component in the hierarchy through the LlampSubsystem component.
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pSwitch - b
lampSubsystem
B+ trafficPed pSwitch [ —4fpSwitch pColor b
pedColor [ —4pColor
B traffic
trafficColor [ —+4ftColor tColor &
> switchPed

tSwitch b —@tSwitch

tSwitch i+ =

Co-Create Components

The co-creation workflow between the sequence diagram and the architecture model keeps the model
synchronized as you make changes to the sequence diagram. Adding both lifelines and messages in a
sequence diagram results in updates to the architecture model. This example shows component co-
creation.

1  From the toolstrip menu, select Component > Add Lifeline. Another box with a vertical dotted
line appears on the canvas to represent a lifeline. In the box, enter the name of a new component
named Machine.

PedLoop

lampSubsystem ‘ ‘ Controller ‘ ‘ Machine

9y
controller 3

O
lampcontroller T

tSwitch
tSwit¢h

2 Observe that the Machine component is co-created in the architecture diagram.
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[ TrafficLight ¥ -
TrafficLight
pSwitch{ >
Controller lampSubsystem Machine
pColor >
InputSubsystem pedCalor > b trafficPed pSwitch I> | —4llpSwitch
_— Binvalue 7
L on b e R pedColor [> —4@pColor
trafficCalor > b traffic
Inhibit On B trafficColor > —4fjtColor
B Inhibit On tColor [ >
lampColor > P switchPed tSwitch [> —4@tSwitch
tSwitch >
i

Synchronize Sequence Diagram and Model

1 Remove the Machine component from the architecture diagram.

2 Return to the sequence diagram and select Synchronize > Check Consistency. See that the
Machine lifeline is highlighted, as it does not correspond to a component.

PedLoop

lampSubsystem ‘ ‘ Controller ‘ ‘ Machine

3

2 3
lampcontroller T

o
controller i3

tSwitch
tSwit¢h

3 To restore consistency, either remove the Machine lifeline or click Undo in the architecture
model to restore the Machine component.

4 Click Check Consistency again.

For advanced sequence diagram synchronization techniques, see “Synchronize Sequence Diagrams
and Architecture Models” on page 6-40.

Create Messages in Sequence Diagram

You can create a message from an existing connection.

1 Draw a line from the controller lifeline to the lampcontroller lifeline. Start to type
traffic in the To box, which fills in automatically as you type. Once the text fills in, select
traffic.
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FedLoop

lampSubsystem ’ ‘

Controller ’

‘ lampcontroller &

controller ?&I

t
trafiicPed

tSwit¢ch

traffic

2

Since the trafficColor port and traffic port are connected in the model, a message is
created from the traffic port to the trafficColor port in the sequence diagram.

PedLoop

tSwitch

tSwitch

lampSubsystem ’ ‘ Controller ’
I [
I 1
I lampcontroller ?5 1 controller ?é
I 1
I I 1
I I 1
I I 1
T T ]
I I 1
I I 1
I I I
: traffic N : trafficColor
1 1
1 1
t 1
I 1
I 1
I I
I I

3

You can modify the source and destination of a message after the message has been created.

Click the trafficColor message end to select it.
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PedLoop
lampSubsystem Controller
; lampcontroller T i controller R
: - : ;
: i i |
1 1 [} i
1 1 1 1
] ] 1 ]
1 1 1 Ll
: \ :
! traffic :‘ [ ./ trafficColor
¢ : E : :
T 1 . ] i
tSwitch E j towiten i E
1 1 1 1
: 1 1 '

4 Click and drag the trafficColor message end to the Controller parent lifeline, then select
the trafficColor port.

| PedLoop
lampSubsystem Controller

; lampcontroller ?é, ; controller ?&
: : : :
T i T i
1 1 [ 1
1 1 [ 1
1 1 [ ] 1
1 1 1 1
: \ : :
! traffic :‘ ' t
E E E I trafficColor [
T 1 . [ 1

tSwfitch i j towiteh ; ]
1 1 [ ] 1
i g i '
i i : i

5 Once the trafficColor port is selected, the message end moves from the controller child
lifeline to the Controller parent lifeline.
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PedLoop
lampSubsystem Controller
' ' :
; lampcontroller ?&‘, i controller ?5
: [ ] : ]
' ' : '
] ] 1 ]
1 1 [} 1
i 1 1 i
] ] 1 ]
1 1 1 ]
: \ ; :
! traffic E‘ !trafficColor !
1 1 1 1
' i i '
1 (] 1 ]
. i 1 tSwitch ; ;
tSwitch E E E E
i 1 1 i
: : : :

You can also rename message ends and the associated ports by double-clicking the name of a
message end.

Modify Sequence Diagram Using Model Browser

1 The Views Gallery model browser located on the bottom left of the canvas is called Model
Components. Click and drag the switch child component into the sequence diagram.

¥ View Browser

» B8 Views

4 ﬁ Sequence Diagrams
[£7] PedLoop

Model Components

4 [7] TrafficLight

p—
4

&
T2 switch
4 ™ InputSubsystem
Fl inhibit
T2 poller
[ source

o

switch

PedLoop
lampSubsystem Controller
i i
E lampcontroller ?&, E controller ?&,
1 1
i ' i :
1 . 1 1
1 " 1 1
1 L} 1 1
1 n 1 1
-~ 1 L 1 1
1 L] 1 1
1 L] 1 1
L] n L] L]
1 " 1 1
i L H ;
H traffic ! H 1trafficColor
i i i i
L] n L] L]
1 1 ] 1 1
. i 1 tSwitch i i
tSwit¢h H H H H

2 The sequence diagram is updated with a new lifeline.
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PedLoop

tSwit

lampSubsystem ‘ ‘ Controller

1 1

1 1

1 lampcontroller [‘3&,‘ 1 controller ?{5‘ ‘ switch C()D
1 1

1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 |
I L] I T 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
: traffic ™ : :lraﬂicCo\or :
1 1 1 1
1 1 1 1
T tSwitch 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

3  Click and drag to reorder the LampSubsystem and the Controller lifelines.

PedLoop

Controller

lampSubsystem ’

controller

(=]
@

switch

(=11
lampcontroller T
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Use Annotations to Describe Elements of Sequence Diagram

You can add plain-text annotations to a sequence diagram to describe elements, such as lifelines,

messages, and fragments.

To create an annotation, double-click the canvas at the desired location. Then, enter the annotation

text in the text box that appears on the canvas.
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PedLoop
Controller | | lampSubsystem |

1 1
1 1
I controller 'E'é, | switch 'E'&, 1 lampcentroller 'E",:",
| 1
} + . . .
1 1 1 I 1
1 1 ] ] ]
1 1 1 1 .:
i | T T
- trafficColor - i i Itraﬁ'u:
1 1 1 1 1

5 1 1 I I I

k| T T T T LI =

tSwlitch ' ' I I Ay
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
s The controfler |1 : : :
1 decides the m I I I
i traifiic light [ i i i
: color to disglay |1 1 1 !
1 1 1 1

Press Esc or click anywhere outside the text box to apply the changes.

Create Sequence Diagram from View

1

In the MATLAB Command Window, enter scKeylessEntrySystem. The architecture model
opens in the Simulink Editor.

To open the Architecture Views Gallery for the model, navigate to Modeling > Views >
Architecture Views.

Right-click the Sound System Supplier Breakdown view and select New Sequence
Diagram.
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View Browser Sound System Supplier Breakdown
4 P Views Views ¢ Sound System Supplier Breakdown
3 . Door Lock System Supplier Breakdown
3 . Key FOB Position Dataflow T
3 . Software Component Review Status )/
3 |:| Sound System Supplier Breakdown

*1 Sequence Diagr| New Sequence Diagram I}
Create a new sequence diagram from contents of view

[] Sound System Supplier Breakdown

Sound System

Supplier C
[Eound Controller_doorSistus
[Eound Controller keylocalion

keylLocation

.

Sound Controller_engineStatus
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4 A new sequence diagram of lifelines is created with all the components from the view.

SeqguenceDiagramFromView

Sound System |

1
: Sound Controller | | Dashboard Speaker
: 1 1
1 1 1
1 1 1
| | |
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
See Also
More About
. “Describe System Behavior Using Sequence Diagrams” on page 6-2
. “Compose Architectures Visually” on page 1-2
. “Implement Component Behavior Using Simulink” on page 7-2
. “Implement Component Behavior Using Stateflow Charts” on page 7-14
. “Define Port Interfaces Between Components” on page 3-2
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Author Sequence Diagram Fragments

A sequence diagram describes an expected order of the events logged during execution of a Simulink
model. There are four event types:

Signal read

Signal write

Message send

A W N R

Message receive

These four events cover the two interaction styles described by sequence diagrams: signals and
messages. You can specify events using messages between lifelines. Each message describes a pair of
events. For signals, the pair of events is write followed by read. For messages, the pair of events is
send followed by receive.

To learn more about simulating sequence diagrams, see “Simulate Sequence Diagrams for Traffic
Light Example” on page 6-44.

A fragment indicates how a group of messages within it execute or interact.
A fragment is used to model complex sequences, such as alternatives, in a sequence diagram.

To add a fragment to a sequence diagram, click and drag around a group of messages or other
fragments. A blue box appears. Pause on the ellipsis (...) menu to select from a list of possible
fragments.

[ = l

[:}_f _

The fragment you select is added in the sequence diagram. For more information, see “Add
Fragments and Operands” on page 6-10.

Sequence Diagram Fragments

This example shows an intersection control system to demonstrate how composite fragments are
used in sequence diagrams.

Open the System Composer model that contains the sequence diagrams.

model = systemcomposer.openModel("IntersectionControlSystemS");
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IntersectionControlSystemS

6-30

&5

- LightSequencer E
MainHWinterface SideHWinterface =
ey o 4 LampControMain LampControiSide b= P Eealag
ERSEh b s 4 MainStop SideSiop b <2 PocSwich
L L MainStrestCentroller  © = J
Ltk b FedBulionMain SidaGo b SideStreetController  ° B
Stop 4 MainGa PedButtonSide <
I sensor b Siop
: pedequest [ - mainState sideState <1 sansor <
P Go;
Go 4 , e
< pedfieguest
< LampCodor LampCalor =
signalState [ < signaiState

Open the Architecture Views Gallery to view the sequence diagrams.

openViews (model)

Fragment Semantics

Fragments in a sequence diagram execute messages in a specific order based on the kind of
fragment. The following fragments are supported:

* Alternative (Alt) fragment

* Optional (Opt) fragment

* Loop (Loop) fragment

* Weak sequencing (Seq) fragment

» Strict sequencing (Strict) fragment

* Parallel (Par) fragment

An operand is a region in a fragment. Fragments have one or more operands depending on the kind
of fragment. Operands can contain messages and additional fragments.

Each operand can include a constraint to specify whether the messages inside the operand execute.
You can express the precondition of an operand as a MATLAB Boolean expression using the input
signal of any lifeline.

Seq Fragment

The Seq fragment contains one operand and represents weak sequencing. The Seq fragment
specifies the same ordering constraints as a sequence of messages with no fragment.

Weak sequencing means that the sequence of events on each lifeline is respected, but the sequencing
of events between lifelines can differ from the order shown in the operand.



Author Sequence Diagram Fragments

* On any given lifeline, any event must occur after the event immediately above it on the lifeline. If
a message send or write event occurs from the same lifeline, the order is determined by from how
far down the lifeline the event occurs.

* The send or write event for a message must occur before the corresponding receive or read event.

» If two different message send and receive events or write and read events occur on the same
lifeline, then the first message can be received before or after the second message is sent.

SimpleSequence

MainHWInterface ’ I MainStreetController

‘ LightSequencer '{'{5

rising(sensor-1)

b S A

PedSwitch sensor

PedButtonMain

pedRequest PedButtonMain

PedLamp[PedLamp==trafficColors.RED]

PedLamp LampControlMain

IR SRR, RN R

hmme e =memmmsessp e e e —————————

This sequence diagram specifies that after the sensor signal from its hardware interface rises
through 1, the MainStreetController sends a PedButtonMain message to LightSequencer,
which controls the intersection. LightSequencer then tells the hardware interface to turn the
pedestrian lamp red, indicating that pedestrians should wait.

Strict Fragment
The Strict fragment contains one operand and represents strict sequencing.

Strict sequencing follows the weak sequencing found in a “Seq Fragment” on page 6-30 with the
additional constraint that the order of the events in the operand be followed exactly. If messages are
sent from the same lifeline, the order is determined by from how far down the lifeline they are sent.
Messages are received in the order on the operand regardless of which lifeline receives them.
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StrictExample

MainHWIinterface MainStreetController LightSequencer ?é, SideStreetController SideHWInterface
i i i i i
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
} i i } i
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
: : : ; :
Strict i i H i
E E . S0 ) E
E E SideStop E E Stop E
E E E _TraﬁicLamp[TrafﬁcLamp::trafﬁcColors.RED]
H H H LampColor i ¥\ TrafficLamp
i i i i i
H H Go H H H
! Go 1¢ I MainGo ' :
'TraﬁicLamp[TrafﬂcLamp::-trafﬁcCOIors.GREEN] E E E
TrafficLamp 17 ! LampCaolor E E E
: : : : :
H H H H H
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
: : : : :

This sequence diagram is an example of strict sequencing for an intersection controller. The traffic
lights on the side street should be set to red before the traffic lights on the main street are set to
green. Without strict sequencing, the order in which the street controllers perform their tasks would
be undefined.

You can use the “Seq Fragment” on page 6-30 for a subset of the messages in a Strict fragment if
all the messages do not require strict ordering.

Opt Fragment

The Opt fragment includes a single operand and indicates that the events described might occur or
not. A constraint determines whether the group of messages are valid. If the group of messages are
valid, they can execute, otherwise, this fragment is skipped. If no constraint is specified, the
messages in the Opt fragment are executed only if the messages become valid.

The events in an Opt fragment occur if all of these conditions are met:

* The current event is a valid first event for the operand.
* The condition expressed by the operand constraint evaluates to true.
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OptExample v
LightSequencer T4 MainStreetController

: ¢
: :
; ;
1 |
: :

8 1 N
Opt :

r_[ LightSequencer/mainState==2 ] |
: Stop :

MainStop ! ’EStop
i falling(mainState-1)

mainState :a EsignaIState

\ ; ; y
| |
- :

In this sequence diagram, the LightSequencer knows the state of each controller due to the state
signal. The LightSequencer issues a Stop command to a controller if it is in the flowing (Green)
state, which is indicated by the value 2. The operand in the Opt fragment is executed only if a Stop
command is present and its mainState signal has the value 2. After the Stop command, the
mainState signal falls to 1, indicating a stopping (Yellow) state.

Loop Fragment

A Loop fragment has a single operand with a constraint and an expression describing the minimum
(lower bound) and maximum (upper bound) number of times that the operand repeats. The upper
bound can be *, indicating that there is no maximum. The lower bound can be 0, indicating that the
operand is optional. The default is a lower bound of 0 and an upper bound of *. With the default
lower and upper bounds, the Loop fragment repeats a certain number of times according to the
simulation time or the lower and upper bounds of the architecture model.
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6-34

The single operand in the Loop fragment repeats if all of these conditions are met:

* The current event is a valid first event for the operand.
* The condition expressed by the operand constraint evaluates to true.
* The number of iterations is less than or equal to the upper bound.

"Loop (1,3)
1

traffic[traffic==2]

1
1
1
1
1
1
1
’:trafﬂc
1

1

|

1
traffigColor :

| trafficrafic==1]
traffigColor : traffic

|

| traffic[traffic==3]
traffiqColor : traffid

1

|

1

|+ ¥

The lower bound (1) is the minimum number of iterations of the loop. The upper bound (3) is the
maximum. You can also define a constraint on a Loop fragment operand that determines whether the
loop executes. When the Boolean expression is false, the loop is skipped.
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LoopExample

LightSequencer ?&l

MainStreetController

MainHWInterface

Go

MainGo

LampColor

Lamp

Lamp|

Lamp

rLoop

’:Go

'TrafﬁcLamp[TrafficLamp==_trafﬁ cColors.GREEN]

'E TrafficLamp

[ |
TrafficLamp[TrafficLamp=

Color |
1

Vi Traffi

Color '
]

Vi Traff

Color

ﬂTmm

=trafficColors.YELLOW]

cLamp

'TrafﬁcLamp[TrafficLamp==-trafﬁ cColors.RED]

cLamp

'TrafﬁcLamp[Traffic:Lamp==trafﬁ cColors.GREEN]

cLamp

This sequence diagram describes the default cycle of the main street traffic lamps. The
LightSequencer issues a Go command so that the MainStreetController tells the

MainHWInterface to turn the green lamps on. The controller then cycles the lights repeatedly
through yellow, red, and green lamps, as indicated by the Loop fragment. The lower and upper

bounds of the loop fragment are the default values of @ and *, respectively, indicating that it allows
any number of iterations.

Alt Fragment

The Alt fragment is like an “Opt Fragment” on page 6-32 except that it has two or more operands,
each describing a different message order.

The events for each operand in an Alt fragment occur if all of these conditions are met:

The current event is a valid first event for the operand.
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* The condition expressed by the operand constraint evaluates to true.

AltExample v]
MainHWInterface MainStreetController LightSequencer ‘E&, SideStreetController SideHWInterface

H

:

L]

i

1

p

Alt :

:

)

rising(sensor-1)

h

PedSwitch 1sensor
1
1 PedButtonMain
pedRequest ; ¥\ PedButtonMain
PedLamp[PedLamp==trafficColors.RED]
Pedlamp LampControlMain

rising(sensor-1)

sensor , PedYwitch
1
PedButtonSide !
PedButtonSide ! pedRequest
PedLamp[PedLamp==trafficColors.RED]
LampControlSide H PedLiamp

L T Y e it bl St tatls

(P NI, N RN E R R S R ——

e e L EEEE PV LR EEEE

This sequence diagram shows that there are crossing buttons on the main street and the side street
and either may be pressed. For a description of the first operand, see the sequence diagram for the
“Seq Fragment” on page 6-30.

Par Fragment

Par stands for parallel. A Par fragment can have two or more operands. In a Par fragment, the order
of events in each operand is enforced, but there is no constraint on the order of events in different
operands. You should use Par fragments wherever order between messages is not important because
this fragment imposes few constraints on system design.
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ParExample o
MainHW!Interface LightSequencer ?& SideHWInterface
1 | 1
: : :

1 | [ |
1 1 1
i i f
1 | 1
1 ] 1
1 [ | 1
i ; i
Alt : : :
1 [ | 1
; ; i
PedLamp[PedLamp==trafficColors.RED] !
PedlLamp E‘ : LampControlMain i
i : i
1 [ | 1
: i g
i e a
. PedLamp[PedLamp==trafficColors.RED]
i LampControlSide ! ’E Pedljamp
i ' i
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i i i
1 [ | 1
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(Par ; E
: : i
E ; i
PedLamp[PedLamp==trafficColors. GREEN] :
PedlLamp ' LampControlMain E
: i
1 1
1 i
' i
| 1

PedLamp[PedLamp==trafficColors. GREEN]
’E Pedljamp

LampControlSide

--- ----------‘
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No matter which crossing button the pedestrian presses, the controller stops traffic on both streets.
This sequence diagram specifies this state using an Alt fragment for the red lamp color. The green
light that indicates safety in crossing, is shown on both streets. The Par fragment indicates that both
the main and side streets show the green color, but order does not matter.

Messages with Ambiguous Order

Due to the nature of signal semantics in block diagrams, predicting the ordering between signal
edges and other events that occur in the same simulation step can be difficult. Signal edges are
where a signal value passes through a threshold indicated by the rising, falling, or crossing keywords.
Small changes to the architecture model can change the order of signal events represented by
sequence diagrams. When a signal edge occurs in the same simulation step as another event, both

messages are marked with an @ symbol . You can examine both the sequence diagram and
underlying architecture model for potential ambiguity.

il St ks
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To specify that these messages may occur in any order within the same time step, place each
message in separate operands of a “Par Fragment” on page 6-36. The simulation interprets these
messages to occur in any order. Alternatively, change the behavior of the underlying system so these
events happen on different time steps.



Author Sequence Diagram Fragments

See Also

More About

“Describe System Behavior Using Sequence Diagrams” on page 6-2
“Implement Component Behavior Using Simulink” on page 7-2
“Implement Component Behavior Using Stateflow Charts” on page 7-14
“Implement Component Behavior Using Simscape” on page 7-23
“Define Port Interfaces Between Components” on page 3-2
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Synchronize Sequence Diagrams and Architecture Models

This example shows how to maintain consistency between sequence diagrams and an architecture
model.

Open the model.

model = systemcomposer.openModel("mRetargetElements");
Open the Architecture Views Gallery.

openViews (model)

Pull Changes from Architecture Model to Sequence Diagram

1. In the View Browser, select the RepairExample sequence diagram. Inspect the lifeline named

ChildComponent.
View Browser RepairExample Sequence Diagram Properties
Search Name value
En Views | ChildComponent 4 Main

b ﬁ Sequence Diagrams

Mame FepairExample

[£7] RepairExample

2. Return to the model canvas. Marquee select the ChildComponent component. Pause on the
ellipses (...) menu and select Create Subsystem. Specify the name of the new component as
Component. The ChildComponent component is now the child of the Component component.

Component

3. Click Check Consistency on the sequence diagram RepairExample. The sequence diagram has
become inconsistent and the ChildComponent lifeline is highlighted because it is no longer at the
root level of the diagram.
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RepairExample

‘ ChildComponent

4. Select the ChildComponent lifeline and, on the toolstrip, click Repair. The sequence diagram
RepairExample is updated after changes are pulled from the architecture model

mRetargetElements.

FepairExample

Component

ChildComponent

Push Changes from Sequence Diagram to Architecture Model

1. In the View Browser, select the CreateInArchitecture sequence diagram.

View Browser Createlnfrchitecture
Search
Etl Views DoesMotExizt=Src | | DoeszMotExistD=t
=

~ [Fi] Sequence Diagrams
[£5] RepairExample
[£7] CreatelnArchitecture

1
LI
"': Dst

Src

Sequence Diagram Properties

Name Value
4 Main
Mame CreatelnArchitecture

2. Marquee select the contents of the sequence diagram, including the two lifelines and the message.
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CreatelnArchitecture

DoesMotExistSrc DoesMotExistDst

arc Drst

- Y

s

3. In the toolstrip, click Create in Architecture. The architecture model mRetargetElements is
updated after changes are pushed from the sequence diagram.

DoesNotExistSrc DoesNotExistDst

Src > > Dst

Retarget Lifeline and Create New Connection in Architecture Model

1. In the View Browser, select the RetargetThenCocreate sequence diagram.

View Browser RetargetThenCocreate Sequence Diagram Properties
Search Name Value
B2 views | A ‘ | E 4 Main

- Sequence Diagrams Mame RetargetThenCocreats
[5] RepairExample

[£7] CreatelnArchitecture

RetargetThenCocreate

QutBus M InBus

2. Select the B lifeline on the sequence diagram and, from the Architecture Element menu, select C
from the list. The sequence diagram becomes inconsistent, and the message is highlighted.
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RetargetThenCocreate
A C
1 1
1 1
1 1
1 1
1 1
1 1
] 1
1 1
1 )
OutBus : '-ffInEius

3. Select the message and, in the toolstrip, click Create in Architecture. A new connection is

created in the architecture model mRetargetElements.

OulBus [» b InBus OulBus [ [ InBus

[ InBus

See Also

More About

“Describe System Behavior Using Sequence Diagrams” on page 6-2
“Compose Architectures Visually” on page 1-2

“Implement Component Behavior Using Simulink” on page 7-2
“Implement Component Behavior Using Stateflow Charts” on page 7-14
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Simulate Sequence Diagrams for Traffic Light Example

This demonstrates how to simulate a System Composer™ architecture model of a traffic light and

verify that the model simulation results match the interactions within the sequence diagrams of the
model. The example model uses blocks from Stateflow®. If you do not have a Stateflow license, you
can open and simulate the model but only make basic changes such as modifying block parameters.

This traffic light example uses sequence diagrams to describe the process of pedestrians crossing an
intersection.

The traffic signal cycles from red to green to yellow.

2 When the pedestrian crossing button is pressed, if the traffic signal is green, the traffic signal
transitions from yellow to red for a limited time.

3 The pedestrians cross while the walk signal is active.
Open the model.

model = systemcomposer.openModel("TLExample");

[TLExample
>
ped lamp []
*al < PedLamp *
source =) o
« PoterSoume » | poller = = lampController © o
controller W
ok
wwichand b b ww wwkchEvers - o5 . b aicPed  plwiich b
switch = - padC b,
| ~] b pedRequent .
vt Coior watc
b wwikchEyui  swichPush b tSwich -
b sl =
B il \reColor b b wiichPed |\ omcColor 1> traffic lamp [

= TraffcLamp >

b rgger

i eotour

Open the Architecture Views Gallery to view the sequence diagrams.
openViews (model)

Simulate Inhibit Sequence Diagram
In the View Browser, select the Inhibit sequence diagram. For more information on how to

construct this sequence diagram, see “Author Sequence Diagram for Traffic Light Example” on page
6-4.
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Inhibit
poller D switch 3| | lampController T controller T

n n | ] 1
] L} L} ]
n L} L] L]
n L} L]
n L L ] L ]
I i i i
] ] ] ]
] n | ] | ]
" L] L] L]
i switchEvent ;= H :
L J 1]

switchEvent ! F1 switchEvent ' '
: i ; ;
i i ] ]
i p : ; ;
: Alt |i ; H
i - : :
E [ swn::h:'inhibit::ﬂ 1 E 5
: i pedRequest :
H switchPush : : ’5 pedRequest
L] L)
" " | ] | ]
: iswitchPed[switchPed==1)} !
i [ S i
! lampColor ! 1 switchPed '
: : : H
L] L) L) L)
: ! : :
E [Swil.chﬁnhibi1==1 | E E
i iswitchPed [swilchPed==2]E E
H lampColor F1 switchPed H
: :
" L)
] L]
n
L] L)
n | ]
n | ]
" L]
i | ]

To simulate the sequence diagram until the next message, select the Next Message option in the
toolstrip. When the message event switchEvent occurs, the switch lifeline activates.
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[ switch/inhibit==1]
i
iswitchPed[switchPed==2]

]

L]
]
]
L]
]
L]
(]
:
i switchPed
]
]
:
]

lamp{Color

Inhidbit Q
poller ?é, switch ?é, lampController ?&, ‘ controller ?é,

] ] ] ]
1 ] ] 1
i i ] i
] ] ) 1
] [l i [l
| | i |
1 ] ] 1
] ] ] 1
) L) L L)
! @ switchEvent ! : -
ke (] L)

switchEvent | ﬁswltchEvent : :
: i ' i
1 ) ] 1
: J - '
' Alt |3 : i
" : T :
; [ switch/inhibit==0 ] : ;
] ] ] 1
E | pedRequest i
' switchPush | H ’i pedRequest
1 ) ] )
) " L] 1
: \switchPed[switchPed==1]; H
i lampColor ! 1 switchPed i
' :
] 1
L) 1
] T
1 1
) 1
] 1
1 1
: i
) )
: :
] 1
: :
]
: :
1 1

Select Continue to continue until the end. Since the inhibit flag is equal to 0, the first operand of
the Alt fragment activates. For more information on the Alt fragment, see “Author Sequence
Diagram Fragments” on page 6-29. The switch lifeline sends a message to the controller lifeline
to change the traffic lamp via the Lampcontroller lifeline to stop traffic and allow the pedestrians
to cross the intersection.
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Inhibit

poller

% |

switch

2

lampController €3

[ controller

W@

& switchEven

switchEvent

switchEvent

Alt

Sy (AP, /A S

[ [ switch/inhibit==0 ]

V] pedRequest

switchPush ; 1 pedF
n ]

b switchPed[switchPed==1]
lampColor ! F1 switchPed
i :

[ ] i
1 1
[ switchfinhibit==1 ] !
] ]
iswitch Ped[switchPed==2] '.
lamp[Calor ¥ switchPed

PP (SRS I ————. SR (N T ———

equest

If the inhibit flag is set to 1, the switch lifeline bypasses the controller and sends the signal

directly to the lampcontroller lifeline. This action means that pedestrian crossing is not controlled
by a walk signal on this intersection.

Simulate PressDetection Sequence Diagram

In the View Browser, select the PressDetection sequence diagram.
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PressDetection ¥
source }i’ [ poller ?é,l ‘ switch R

" ; ;
! : !
: rising(sw-1) : '

switchout ! ’i sSwW -
E E switchEvent E
E switchEvent ! ’E switchEvent

Observe the PressDetection sequence diagram during model simulation using a
Simulink.SimulationInput object for the sim function. The ObservedSequenceDiagrams
model configuration parameter specifies which sequences diagram to observe. Use sim to set
ObservedSequenceDiagrams for just the simulation.

simIn Simulink.SimulationInput("TLExample");

simIn setModelParameter(simlIn, "ObservedSequenceDiagrams", "PressDetection", "ObservedSequenceDiat
simOut = sim(simIn);

sequenceDiagramQut = simOut.sequenceDiagramOutput

sequenceDiagramQut = struct with fields:
Name: 'PressDetection’
Completed: 1
NumErrors: 0

Messages where the conditions are met turn green with a checkmark.
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PressDetection

source 9&’ l poller ?

l switch D

O~

& rising(sw-1)

4
0
=

switchout

& switchEvent

switchEvent switchEvent

I A R

When a pedestrian presses the crossing button, the value of the signal sw rises to 1. When this action
happens, the poller lifeline sends the message switchEvent to the switch lifeline. This action
alerts the switch lifeline that a pedestrian is waiting so the switch lifeline can alert the
controller lifeline. The traffic light then turns red to stop traffic, and the walk signal turns on.

Simulate PedestrianCross Sequence Diagram

In the View Browser, select the PedestrianCross sequence diagram.
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lampController E‘E’,

switch ?E‘J [ controller ?‘ﬂ

1 - -
1 1 1
1 1 1
1 1 1
o : —
Loop - '
" 1 : : h
1 1 1
1 1 1
1 1 1
' . traffic[traffic==1] .
: trafficColor ! "Etrafﬁc
1 ' '
1 1 1
: — —
i Loop (1) i
1 i H H )
1 1 1
| 1 1
' i traffic[traffic==3] i
1 i 1 H
i trafficColor | 1 traffic
1 1 1
E ' trafficltraffic==2]
: trafficColor ! "Etrafﬁc
1 1 1
; i trafficftraffic==1] 1
E trafficColor : h:trafﬁc
1 ' '
1 1 1
| | \, 1 ] r
: ' '
1 - -
E pedRequest . E
switchPush | *E pedRequest !
i i trafficftraffic==2] 1
E trafficColor : ’":trafﬁc
| 1 1
' i traffic[traffic==1] i
1 i 1 H
i trafficColor | : traffic
1 ' '
: ' '
1 ( ] - )
' Loop i
1 r : ' )
: ' '
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Simulate Sequence Diagrams for Traffic Light Example

To simulate the sequence diagram until the next message, select the Next Message option in the
toolstrip. The value of the message traffic is 1, which indicates that the traffic light color is red.
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lampController 'Ea

switch 'Ea} [ controller E'a}

rLunp

@ trafficftraffic==1]

trafficColor traffic

Loop (1)

traffic[traffic==3]

trafficColor traffic

traffic[traffic==2]

trafficColor traffic

traffic[traffic==1]

trafficColor traffic

pedRequest

switchPush pedRequest

YR, S M-

traffic[traffic==2]

trafficColor traffic

traffic[traffic==1]

trafficColor traffic

rLuup
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Simulate Sequence Diagrams for Traffic Light Example

The Sequence Viewer describes the simulation events as they occur in the model as the sequence
diagram describes what is expected to occur. On the toolstrip, in the Simulation tab, select Log
Events, then launch the Sequence Viewer from the same location. See that the simulation pauses
when trafficis 1.

3 TLExample » ‘ﬁﬁﬂﬂﬂﬁ@

poller switch controller lamp :
lControIIer

4 3] .

Select Next Message three more times to simulate until the traffic light completes one loop from
green to yellow to red again. For more information on the Loop fragment, see “Author Sequence
Diagram Fragments” on page 6-29.
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lampController 'EE_!,

switch ?&J [ controller 'Ee,}

anup

@ trafficftrafiic==1]

trafficColor traffic

"Loop (1)

traffic[traffic==3]

trafficColor traffic

trafficColor traffic

V]
@ trafficftrafiic==2]
V]

traffic[traffic==1]

trafficColor traffic

pedRequest

switchPush pedRequest

SR, S S

traffic[traffic==2]

traffic

trafficColor

traffic[traffic==1]

trafficColor traffic

rLunp
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Simulate Sequence Diagrams for Traffic Light Example

View the corresponding message events in the Sequence Viewer.
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P TLExample »

lamp
Controller




Simulate Sequence Diagrams for Traffic Light Example

Select Continue to continue until the end. The pedestrian crossing signal allows the pedestrians
cross by turning the traffic light red. Then, the traffic light continues its cycle.
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lampController 'Ea

switch ?&‘ [ controller ?&]

] ] ]
] ] ]
] ] ]
] ] ]
# : : : )
] ]
Loop ' '
I 1 : : h
] ] ]
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] L
! trafficColor | *E traffic
] ] ]
1 1 1
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: : :
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i trafficColor | P traffic
1 1 1
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] L
! trafficColor ! *E traffid
] ] ]
i i @ trafficftraffic==1] 1
E trafficColor : ":trafﬁc
i i i
: L : : "
] ] ]
] ] ]
i i i
: & pedRequest : i
switchPush ! *E pedRequest !
] ] ]
: i @ trafficftrafic==2] 1
E trafficColor : ’Etrafﬁc
] ] ]
i i @ trafficftraffic==1] i
i trafficColor , P traffic
1 1 1
] ] ]
] ] ]
i 0 ) i N
: Loop :
1 r i 1 1
] ] ]
i i i
! ! V] trafficftraffic==3] 1
6-58 E trafficColor : ’Etrafﬁc
] ] ]
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View the corresponding message events for the pedestrian crossing messages in the Sequence
Viewer.

6-59



6 Describe System Behavior with Diagrams

#g TLExample »

u
2y

|2ﬂ

fa]
]

0 |50 |40 |
1 U A O O

|Tﬂ

i B



Simulate Sequence Diagrams for Traffic Light Example

Simulate and Detect Errors with SignalSequence Sequence Diagram

In the View Browser, select the SignalSequence sequence diagram.

SignalSequence "]

SOUrce 'P'§-| [ poller ?é, lampController '?é‘ | ped lamp b‘J.

rising(sw-1)

switchout SW

'i:roe-smg{tng ger)[colour==trafficColors RED]

pSwitch : ': trigger

-crossmg{tﬂgger][cc!our:=traﬂ|cCoIor5.GREEN|
pSwitch : ":tngger

Click Run to simulate the sequence diagram to the end. Messages where the conditions are met turn
green with a checkmark.

SignalSaquence o

p crossing(trigger)[colour==trafficColors. GREEN]
pSwitch : ’: trigger
I I

source “ ‘ poller ?é‘ ‘ lampController ?é‘ ped lamp a

I 1 - 1 I
1 1 I I
I 1 1 1
I I I
1 I I I
: 0 rising(sw-1) IL: : :

switchout : ': SW : :
: : p crossing(trigger)[colour==trafficColors. RED]
: : pSwitch : '}1rlgger
I 1
I 1
| 1
| 1
I 1

This step requires a Stateflow license.

Return to the TLExample model. Double-click the LTampController component to view the state
chart. In the ped subchart, introduce an error into model execution by changing
pedColor=trafficColors.RED to pedColor=trafficColors.YELLOW. Save the TLExample
model.
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{."_I =’H> lampController i)
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1 ¥
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P elseil rafficPed data==2 ' elsaif traffic.data==_
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«
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Return to the View Browser. For the SignalSequence sequence diagram, click Clear Results to
clear the green checkmarks and reset sequence diagram simulation. Click Run to simulate the

SignalSequence sequence diagram again.
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SignalSaquen

e

source P'“} [ poller 'EEJ [ lampController E:éi ped lamp P’ﬁ

switchout

O nsing(sw-1)

™
Flow

D crossing(tngger)[colour==trafficColors RED]
pSwitch : ':trigger

:0 crossing(trigger)[colour==trafficColors. GREEN]
pSwitch : ':trigger

For the first message from the LampController lifeline to the ped lamp lifeline, the constraints
specified by the sequence diagram are not met by the model execution.

See Also
sim|Simulink.SimulationInput | Simulink.SimulationOutput

More About

“Describe System Behavior Using Sequence Diagrams” on page 6-2
“Compose Architectures Visually” on page 1-2

“Implement Component Behavior Using Simulink” on page 7-2
“Implement Component Behavior Using Stateflow Charts” on page 7-14
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* “Implement Component Behavior Using Simulink” on page 7-2

» “Extract Architecture of Simulink Model Using System Composer” on page 7-12
* “Implement Component Behavior Using Stateflow Charts” on page 7-14

» “Extract Architecture from Simulink Model” on page 7-19

* “Implement Component Behavior Using Simscape” on page 7-23

* “Merge Message Lines for Architectures Using Adapter Block” on page 7-29
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Implement Component Behavior Using Simulink

7-2

System design and architecture definitions can involve a behavior definition for some components,
such as the algorithm for a data processing component. Define components in System Composer
architecture models as behaviors using Simulink subsystem components that are part of the parent
model, or referenced behaviors by linking components to Simulink models or subsystems.

You can simulate the Simulink component implementations in System Composer. Use the Simulation
Data Inspector to view and compare simulation results between model designs.

Create Simulink Behavior with Robot Arm Model

This example shows how to use a robot arm model to create Simulink® behavior from the Motion
component.

1. Open the Robot. s1x model.

model = systemcomposer.openModel('Robot"');
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Robot i)
® [[Z]robat ¥ hd
Robot
3l
[:
Sensor
E Encodar <
N \i
t> 4l TargetPosition -E
g
(=] .
Trajectory Planning E Motion
&
I:‘ — Sensarflata q\ ﬂ:- SensorData
TargetPosition b—{ > Targe on ” \ Encader b }—
MotionCommand = [ MotionCommand
[T
» | Heh
Interfaces LD 4
& -] (&[]][] seeren q
Type Uniis
~ @ RobotDD.sldd
= [i] sensordata
timestamp double seconds
direction double degrees
direction2 double degrees
distance double meters
distance2 double meters
position1 double degrees
position2 double degrees

The Robot model has an interface sensordata applied on the ports SensorData.

2. Look up the Motion component.
motionComp = lookup(model, 'Path', 'Robot/Motion');
3. Create a Simulink behavior.

motionComp.createSimulinkBehavior('MotionSimulink');
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Create Referenced Simulink Behavior Model

When a component does not require decomposition from an architecture standpoint, you can design
and define the behavior of the component in Simulink. When you link to a Simulink behavior, the
Component block becomes a Reference Component block.

A reference component is a component whose definition is a separate architecture model, Simulink
behavior model, or Simulink subsystem behavior. A reference component represents a logical
hierarchy of other compositions.

You can reuse compositions in the model using reference components. There are three types of
reference components:

* Model references are Simulink models.

* Subsystem references are Simulink subsystems.

» Architecture references are System Composer architecture models.

In this section, you will create a model reference and a subsystem reference. For more information on
architecture references, see “Create Reference Architecture” on page 1-18.

Referenced or linked models are useful for collaborative design with version control using Simulink
projects. For more information, see “Organize System Composer Files in Projects” on page 12-2.

Create Reusable Simulink Behavior Using Model Reference Component
Use Simulink model references to describe the implementation of System Composer components.

1 Navigate to Modeling > Create Simulink Behavior. Alternatively, right-click the Motion
component and select Create Simulink Behavior.

2 From the Type list, select Model Reference. Provide the model name MotionSimulink. The
default name is the name of the component.

Create Simulink behavior - L X

Create a Simulink behavior and, optionally,
export local interfaces to a new shared data dictionary.

Type Model Reference v

New file name: |MotionSimulink Browse...

From Simulink template:

Default '
New data dictionary name:

RobotDD.sldd

Cancel Help

3 A new Simulink model file with the provided name is created in the current folder. The root-level

ports of the Simulink model reflect the ports of the component. The component in the

architecture model is linked to the Simulink model. The i icon on the component indicates that
the component has a Simulink behavior.
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u

Mation

Robot 4 @Motion (MotionSimulink)

«
®
Motion i Ed
<= MotionSimulink = —
f» SensorData '

: Encoder [»
B MotionCommand —
Ba]

@3

HE®|l e

OB &

4

SensorData @

MotionCommand @

@ Encoder

click the port in Simulink.

Robot 4 @Motion (MotionSimulink)

To view the interfaces on the SensorData port converted into Simulink bus elements, double-

SensorDala@

MotionCommand @

5

Properties of input port: SensorData

Select elements of a bus or the entire bus, signal, or message from the

input port.

Port name:

IS |

v
timestamp
direction?
direction2
distance1
distance?
position1

position2

SensorData

(dt: double, dims: [1], Fixed, degrees,

(dt: double, dims: [1], Fixed, degrees,

Port number: | 1

Filter...

dt: Bus: sensordata, dims: 1)

(dt: double, dims: [1], Fixed, seconds, real
(di- double, dims: [1], Fixed, degrees, real
(di- double, dims: [1], Fixed, degrees, real
dt: double, dims: [1], Fixed, meters, real)

dt: double, dims: [1], Fixed, meters, real)
real)

real)

Set color -

To remove model behavior, right-click the linked Motion component and select Inline Model.

For more information on removing referenced behaviors, see “Remove Reference Architecture” on

page 1-20.

Create Reusable Simulink Subsystem Behavior Using Subsystem Reference Component

Use subsystem references to author Simulink or Simscape behaviors with physical ports, connections,
and blocks. For more information, see “Implement Component Behavior Using Simscape” on page 7-

23.
1

Navigate to Modeling > Create Simulink Behavior. Alternatively, right-click the Motion

component and select Create Simulink Behavior. Alternatively,

The default name is the name of the component.

From the Type list, select Subsystem Reference. Provide the model name MotionSubsystem.
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Create Simulink behavior — O >

Create a Simulink behavior and, optionally,
export local interfaces to a new shared data dictionary.

Type |Subsystem Reference -

New file name: | MotionSubsystem Browse...

From Simulink template:
Default -

New data dictionary name:

RobotDD.sldd

Cancel Help

3 A new Simulink subsystem file with the provided name is created in the current folder. The root-
level ports of the Simulink subsystem reflect the ports of the component. The component in the

architecture model is linked to the Simulink subsystem. The [=! icon on the component indicates
that the component has a Simulink subsystem behavior.

. =l
Motion

< MotionSubsystem >

> SensorData
Encoder >

> MotionCommand

You can access and edit referenced Simulink models and subsystems by double-clicking the
Reference Component in the architecture model. When you save the architecture model, all unsaved
referenced Simulink behaviors are also saved, and all linked components are updated.

Create Simulink Subsystem Behavior Using Subsystem Component

A subsystem component is a Simulink subsystem that is part of the parent System Composer
architecture model.

Add Simulink subsystem behavior to a component to author a subsystem component in System

Composer. You cannot synchronize and reuse subsystem components as Reference Component blocks
because the component is part of the parent model.

1 Right-click the Sensor component and select Create Simulink Behavior. Alternatively,
navigate to Modeling > Create Simulink Behavior.

2  From the Type list, select Subsystem.
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Create Simulink behavior - O K

Create a Simulink behavior and, optionally,
export local interfaces to a new shared data dictionary.

Type Subsystem ©
New file name: Sensor Browse...
From Simulink template:

Default =

New data dictionary name:
RobotDD.sldd

Cancel Help

3 The Sensor component is now a Simulink subsystem of the same name that is part of the parent

System Composer architecture model.
The root-level ports of the Simulink model reflect the ports of the component. The i icon on the
component indicates that the component has a Simulink subsystem behavior.
<~ W Sensor B
® DRobm » [Pa[Sensor v
@
2
Sensor E _
@S Dat; =
ensorbalta
Encoder <) —]| (5] >@ SensorData
Encoder @ O
v Encoder @
-
-]
«

4  You can continue to provide specific dynamics and algorithms in the Simulink subsystem
behavior model. Adding root-level ports in the subsystem behavior creates additional ports on the
subsystem component.

5 You can use subsystem components to author Simscape component behaviors with physical ports,

connections, and blocks. For example, this amplifier physical system uses electrical domain
blocks inside a subsystem component in a System Composer architecture model.
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_Ampl ifier

v in <| ——

|
I

W _out{)

= |
=N

Convert Simulink Subsystem Component to Subsystem Reference Component

You can convert existing Simulink subsystem components that are part of the parent System
Composer model to subsystem reference components. The subsystem reference components are
saved separately as a reusable artifact.

1  Right-click the subsystem component block and select Block Parameters (Subsystem).

2 Click the Subsystem Reference tab.

Block Parameters: Component

generation, select 'Treat as atomic unit'.

separate file.

Convert...

2

Main  Code Generation  Subsystem Reference
Convert a subsystem to referenced subsystem with content saved in a

Select the settings for the subsystem block. To enable parameters for code

Help Apply

X

3 Click Convert to open the Convert to Subsystem Reference dialog.

Choose a name for the new subsystem file. Optionally, select Transfer test harnesses to
transfer test harnesses. Click Convert to complete the conversion.



Implement Component Behavior Using Simulink

Convert to Subsystem Reference : Component X

Convert a subsystem to referenced subsystem with content saved in
a separate file.

Subsystem file name: |Component Browse...

Transfer test harnesses

Convert Cancel

To convert a subsystem component to a subsystem reference programmatically, use the
createSimulinkBehavior function.

Link to Existing Simulink Behavior Model

You can link to an existing Simulink behavior model or subsystem from a System Composer
component, provided that the component is not already linked to a reference architecture. Right-click
the component and select Link to Model. Type in or browse for the name of a Simulink model or
subsystem.

Link to model — O =

Link to the specified model.

Model name: hodels\MotionSimulink.st Browse...

Cancel Help

Any subcomponents and ports in the components are deleted when the component links to a Simulink
model or subsystem. A prompt displays to continue and lose subcomponents and ports.

Note Linking a System Composer component to a Simulink model with root-level enable or trigger
ports is not supported.

You can link protected Simulink models (.s1xp) to create component behaviors. You can also convert
an already linked Simulink behavior model to a protected model. The change is reflected when you
refresh the model.

Access Model Arguments as Parameters on Reference Components
System Composer exposes instance-specific parameter values for reusable referenced models.

A parameter is an instance-specific value of a value type.

Parameters are available for inlined architectures and components. Parameters are also available for
components linked to model references or architecture references that specify model arguments. You

can specify independent values for a parameter on each component.

Instance-specific parameter values are visible on the component level. View and edit these values
using the Property Inspector.
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mAxieArch

@® | maxleArch ¥

mAxleArch

LeftWheel
| < mWheel >

(2 B0 E O

RightWheel
| < mWheel >

Property Inspector
Component

Architecture Info

@)

BE OB

i

Copyright 2021 The Mathworks, Inc.

“ Main
MName
Stereotype
v Parameters
Diameter
Wear

Pressure

Leftwheel
Add

15in
0.23 in

32 psi (default)

Each parameter value can be specified independently for each component that references the model.

mAxleArch

@ |FJmaxlearch b

mAxleArch

LeftWheel
| < mWheel >

& & &

RightWheel
< mWheel >

v@E OB

Property Inspector
Component

Architecture Info

Copyright 2021 The Mathworks, Inc.

v Main
Name
Stereotype
¥ Parameters
Pressure
Diameter
Wear

RightWheel
Add

16 in (default)
0.25 in (default)

For more information, see “Use Parameters to Store Instance Values with Components” on page 4-6.

To add or modify parameters for architectures or components using the Parameter Editor, see
“Author Parameters in System Composer Using Parameter Editor” on page 4-2.

Create Simulink Behavior from Template for Component

To create user-defined templates for Simulink models, see “Create Template from Model”.

After creating and saving a user-defined template, you can link the template to a Simulink behavior.
Right-click the component and select Create Simulink Behavior, or, navigate to Modeling >
Create Simulink Behavior.
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Create Simulink behavior — O X

Create a Simulink behavior and, optionally,
export local interfaces to a new shared data dictionary.

Type Model Reference -

New file name: |Component Browse...

From Simulink template:

TemplateSimulink -

New data dictionary name:

ExampleModelDD

Cancel Help

On the Create Simulink behavior dialog, choose the template and enter a new data dictionary
name if local interfaces are defined. Click OK. The component exhibits a Simulink behavior according
to the template with shared interfaces, if present. Blocks and lines in the template are excluded, and
only configuration settings are preserved. Configuration settings include annotations and styling.

Note that you can use architecture templates by right-clicking a component and selecting Save As
Architecture Model, or navigating to Modeling > Save As Architecture Model.

Save component as an architecture model — O X

Save architecture model and, optionally, export local
interfaces to a new shared data dictionary.

New model name: |Component Browse...

From architecture template:

Robot <
New data dictionary name:

RobotDD

Cancel Help

See Also

Functions

createSimulinkBehavior | LinkToModel | createArchitectureModel |
systemcomposer.parameter.ParameterDefinition

Blocks
Reference Component

More About

. “Decompose and Reuse Components” on page 1-17

. “Implement Component Behavior Using Stateflow Charts” on page 7-14
. “Implement Component Behavior Using Simscape” on page 7-23

. “Describe System Behavior Using Sequence Diagrams” on page 6-2

. “Organize System Composer Files in Projects” on page 12-2
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Extract Architecture of Simulink Model Using System
Composer

Export an existing Simulink® model to a System Composer™ architecture model. The algorithmic
sections of the original model are removed and structural information is preserved during this
process. Requirements links, if present, are also preserved.

Convert Simulink Model to System Composer Architecture

System Composer converts structural constructs in a Simulink model to equivalent architecture
model constructs:

Subsystems to components

Variant subsystems to variant components

Bus objects to interfaces

Referenced models to reference components

Open Model

Open the Simulink model of F-14 Flight Control.

fl4
P A N
+ W
Filot | Stick Input Pilot g forca (g) v D
q
@ : Pilot G force
Nz pilot Scope
u - - calculation
Stick Input {in) —P@
numys) . i
™ alpha (rad) Elevator Command {deg) |- m — Elavator Deflection d (deq) Nz Filot (g)
W
— g (rad’sec) ‘Wartical Velocaty w (fi'sec) —e
Actuator
Contraller
Maodel D
gl —————— P Vartical Gust wGust [fi'sec) ™
Angle of
q Attack
whust Pitch Rate g (rad'sec)
Wg - M 4"@—* Rotary Gust qGust {rad/sac) —0—.@
qiGust alpha (rad)
Qg pha {rad)
Aircraft
Diryden Wind Dynamics
Gust Models ™ Mg kodeal

F-14 Flight Control

Copyright 1980-2014 The MathWarks, Inc.
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Export Model

Extract an architecture model from the original model.

syst
Simu
syst

emcomposer.extractArchitectureFromSimulink('f14"', 'F14ArchModel");
link.BlockDiagram.arrangeSystem('F14ArchModel');
emcomposer.openModel('F14ArchModel');

F14ArchModel

Controller

b SSck input (i)

I+ alpha frad

b qirasisec)

A

Alrcraft
Dynamics alphia b
Modal
Clervator Command (deg) [ I+ Clevalor Dafiection d {deg)
Vertical Velocity w (Reac) b4

b+ Verteal Gust wlust (Waec) Mz pilot
calculation
Pilch Fuste g jrad’sec] b (]
DrydenWinc Rotary Gusl qGust radisec . Pilat g ferea () b | fllMe Pik
Gust Models 53
Vg -

rchiiecture extracied from Simulink model. T14° (02 ban-2022 09 55 05]

See Also

extr

actArchitectureFromSimulink

More About

“Extract Architecture from Simulink Model” on page 7-19

“Compose Architectures Visually” on page 1-2

“Implement Component Behavior Using Simulink” on page 7-2
“Simulate Mobile Robot with System Composer Workflow” on page 5-20
“Modeling System Architecture of Small UAV” on page 1-32
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Implement Component Behavior Using Stateflow Charts

7-14

A state chart diagram demonstrates the state-dependent behavior of a component throughout its
state lifecycle and the events that can trigger a transition between states.

Add Stateflow chart behavior to describe a component using state machines. You cannot synchronize
and reuse Stateflow chart behaviors as Reference Component blocks because the component is part
of the parent model.

You can simulate the Stateflow component implementations in System Composer. Use the
Simulation Data Inspector to view and compare simulation results between model designs.

State charts consist of a finite set of states with transitions between them to capture the modes of
operation for the component. Charts allow you to design for different modes, internal states, and
event-based logic of a system. You can also use charts as stubs to mock a complex component
implementation during top-down integration testing. This functionality requires a Stateflow license.
For more information, see “Stateflow”.

Add State Chart Behavior to Component

A System Composer component with stereotypes, interfaces, requirement links, and ports, is
preserved when you add Stateflow Chart behavior.

1 This example uses the architecture model for an unmanned aerial vehicle (UAV) to add state
chart behavior to a component. In the MATLAB Command Window, enter the following command:
scExampleSmallUAV

2 Double-click the Airframe component. Select the LandingGear component on the System
Composer composition editor.

3  Select the Brake port. Open the Interface Editor from the toolstrip Modeling > Interface
Editor. Right-click the interface operatorCmds and select Assign to Selected Port(s).

4 Right-click the LandingGear component and select Create Stateflow Chart Behavior.
Alternatively, navigate to Modeling > Create Stateflow Chart Behavior.
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Airframe

b ctriSrfcDeflection

b +lightCmds

lightCmds . NavigationLights [

ctriSrfcDeflection . dA_dF

ctriSrfcDeflection . Brake [

lightCmds . LandingStrobe [

ctriSrfcDeflection . dR_dE [

Wings

p> Navigation Lights

b dA dF

LandingGear

P Brake

Tail anc ub';

W

ey
> Landing M=

B> dR_dE

< Fuselage <
Explore
Open In New Tab

Open In New Window

Cut
Copy
Paste

Delete

Save As Architecture Model...

Create Software Architecture Model...
Create Simulink Behavior...

Create Stateflow Chart Behavior

Link to Model...

Ctrl+X
Ctrl+C
Ctrl+V
Del

(s

Double-click LandingGear, which has the Stateflow icon. Navigate to Modeling > Design Data
> Symbols Pane to view the Stateflow symbols. The input port Brake appears as input data in

the symbols pane.

Note Some Stateflow objects remain local to Stateflow charts. Input and output event ports are
not supported in System Composer. Only local events are supported.
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System Composer

Model Browser = ¥ %

¥ | scExampleSmalluavModel
hd D Airframe
D Fuselage
Fé LandingGear
D Tail and Boom
D Wings
> D Flight Support Components
> D FlightComputer
> D Payload
hd D Propulsion
> D Engine
> D Fuel System
> D Power Madule
™ Prop

> D SupervisoryComputer

Property Inspector

Enter Search String

&,'_I u LandingGear

® scExampIESmaIIUA\l’Model 4 DAirframe 3 tE{%L.andingGear
Q)

E3

O

"

u

Interfaces

& -]&-]

- |Em v|| Search

Q

|v @3 scExampleSmallUAVModel.shx

» [ architecture_gsCommands
b [ ciriSricDeflection

» [:l gz commands bus

Component
Architecture Properties Info
¥ Main
Mame LandingGear
Stereotype Add..
¥ OnboardElement Select
Mass 1.65 kg
Power 0o mwW
RFHarnessLength Oem
Symbols
BREeE-)T
TYPE NAME VALUE PORT
L) Brake 1

Since Stateflow ports show up as input and output data objects, they must follow Stateflow
naming conventions. Ports are automatically renamed to follow Stateflow naming conventions.
For more information, see “Guidelines for Naming Stateflow Objects” (Stateflow).

6 Select the Brake input and view the interface in the Property Inspector. The interface can be
accessed like a Simulink bus signal. For information on how to use bus signals in Stateflow, see
“Index and Assign Values to Stateflow Structures” (Stateflow).

Property Inspector I BES
Brake
Properties Infio
Scope Input -
Port 1 -
Size | -1 |

b Advanced

Type I Bus: operatorCmds e

Symbols

EEAEY

YPE MAME VALUE

(NI

=
=
T
n
[}
E]
]

7  You can populate the Stateflow canvas to represent the internal states of the LandingGear.
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fe=] ur LlandingGear *  FlightComputer Fuel System Engine Flight Support Components Payload i
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Remove Stateflow Chart Behavior from Component

You can remove Stateflow chart behavior from a component to delete the contents inside the
Stateflow chart while preserving interfaces on the component.

1

Right-click on the LandingGear component and select Inline Behavior.

. Brakelp— > Brake

dR_dElr— > dR_dE

| LandingGear

. " & Cut
Tail and 50]1 2 Copy

jStobel (> Landing Strob I

ﬂ'\-.
Fuselage

Explore

Open

Open In New Tab
Open In New Window

Ctri+X
Ciri+-C
Ctri+V
Del

i} Paste

Delete

Add Variant Choice

Apply Sterectype ]
Create Spotlight From Component

Eacnunid S

To confirm the operation to delete all the content inside the Stateflow chart, click OK.
The Stateflow chart behavior on the component is removed. Interfaces on the component are

preserved.
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LandingGear

ctriSrfcDeflection . Brake P > Brake

See Also
createStateflowChartBehavior | inlineComponent

More About

“Compose Architectures Visually” on page 1-2

“Decompose and Reuse Components” on page 1-17

“Implement Component Behavior Using Simulink” on page 7-2
“Implement Component Behavior Using Simscape” on page 7-23
“Extract Architecture from Simulink Model” on page 7-19
“Describe System Behavior Using Sequence Diagrams” on page 6-2




Extract Architecture from Simulink Model

Extract Architecture from Simulink Model

You can use System Composer architecture editing and analysis capabilities on Simulink models. To
do so, extract the architecture from a Simulink model. Model and Subsystem blocks, as well as all
ports in a Simulink model represent architectural constructs, while all other blocks represent some
kind of dynamic or algorithmic behavior. In the architecture model that you obtain from a Simulink
model, you can choose to represent architectural constructs or link to behavior models.

1 Open an example model.

openExample('ReferenceFilesForCollaborationExample')

2  On the Simulation tab, click the Save arrow. From the Export Model To list, select
Architecture Model.

'bi ex_modeling_component_reuse - Simulink prerelease use — O *

SIMULATION

P R L IR SO SOl
= Run

[El'l . PREFARE |”°""'3'

New Step  Stop Data
- - Forward ||15ml:t0l
7 ﬁ Save Ctr+3 E REVIEW RESULTS a |
£x_m
® Save Spe Reference o ) -

I Save as...

Save Viewmark Cirl+Shift+D
— Capture model's current view for future access

EXPORT MODEL TO

Web View...
Export model to browser-enabled read-only view

OB ELES
:

E_SEnsor

Protected Model...
Create an IP-protected copy of this model

@ ©

Template...
Create reusable template from this medel

& Previous Version... Mechanical Systam
= Export model to previcus version of Simulink
Architecture Model...
B E Export model to Architecture L\) farks, e
Ready B0% VariableStepAuto

3 Provide a name and path for the architecture model.
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Export To Architecture model -
Description

Create a new model that contains the structural architecture
(components and interfaces) of the current model for use with System
Composer.

Configuration

Source model(s): |ex_modeling_component_reuse

Architecture model name: |ex_mc:deling_cnmponent_reus.e_arch.slx |

Destination folder: |H:\Sy5tern Composer\ymodels | L 3
(2) Help 2% Cancel | | < Export

4 Click Export. A System Composer Editor window opens with an architecture model

corresponding to the Simulink model.
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> e

_modeling_compenent_reuse_arch * - Simulink

SIMULATION DEBUG MODELING

"

o B ™

COMPONENT | VIEWS | COMPILE |N°f"1ﬂ|

FORMAT APPS il

Stop Time | 10.0

- |

[ ™ M
|PE§;EDE Manage Apply Run Stop
- ar -
{0 Stereotypes - - - 0@ Fast Restart -
MAMNAGE DESIGN PROFILES SIMULATE Fs
= ex_modeling_component_reuse_arch
g = Ex_modeling_component_reuse_arm * -
]
- A
E E"": ex_madael component_reuse_arch
8 (@ | [exmoslna component rowse.
IE' Architaciure extracied from Simulink model: "ex_madeling_compansnt_rauss bampExporiWarkdlow’. [Z2-0ay-2019 11:17:349]
™ bl Mechanical System
Operator
Mame-Spreg-lamper, Le
[+ sensor poal = [ goal
E ===myiral [ b ea
> zensor
senscr [
Enviranment Mass-Spring-Dampes, Bi|
dishurbance [ B di
[T
Y v
b P >
Ready 60% VariableStepAuto

Each subsystem in the Simulink model corresponds to a component in the architecture model so that
the hierarchy in the architecture model reflects the hierarchy of the behavior model.

The requirements for subsystems and Model blocks in the Simulink model are preserved in the

architecture model.

Any Model block in the Simulink model that references another model corresponds to a component

that links to that same referenced model.
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= - < Controller 'D'a|
&x_medeling_cantroller < ex_maodaling_conironer &
E=—_ gual
[= goal
contral
control =
F=p{sensar
[* sensor
7
L 2z

Confraller

Buses at subsystem and Model block ports, as well as their dictionary links are preserved in the
architecture model.

You can use the exported model to add architecture-related information such as interface definitions,
nonfunctional properties for model elements and analyze the design.

See Also
extractArchitectureFromSimulink

More About

. “Extract Architecture of Simulink Model Using System Composer” on page 7-12
. “Implement Component Behavior Using Simulink” on page 7-2

. “Implement Component Behavior Using Stateflow Charts” on page 7-14

. “Implement Component Behavior Using Simscape” on page 7-23

. “Describe System Behavior Using Sequence Diagrams” on page 6-2

. “Compose Architectures Visually” on page 1-2
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Implement Component Behavior Using Simscape

A physical subsystem is a Simulink subsystem with Simscape connections.

A physical subsystem with Simscape connections uses a physical network approach suited for
simulating systems with real physical components and represents a mathematical model.

Using Simscape behaviors for components in System Composer improves model simulation and
design for systems with physical components. This functionality requires a Simscape license. For
more information, see “Basic Principles of Modeling Physical Networks” (Simscape).

You can simulate the Simscape component implementations in System Composer. Use the
Simulation Data Inspector to view and compare simulation results between model designs.

To describe component behavior in Simscape for a System Composer architecture model, follow these

steps:

1  “Define Physical Ports on Component” on page 7-24

2 “Specify Physical Interfaces on Ports” on page 7-24

3  “Create Simulink Subsystem Component” on page 7-25

4 “Describe Component Behavior Using Simscape” on page 7-26

Open this model to interact with a System Composer architecture model named Fan with Simscape
behavior on a component DC Motor. The steps in this tutorial will produce this model.

Note This example uses Simscape blocks. If you do not have a Simscape license, you can open and
simulate the model but can only make basic changes, such as modifying block parameters.

Architecture Model with Simscape Behavior for a DC Motor

This example shows a DC motor in an architecture model of a fan. The DC motor is modeled using a
Simscape behavior within a Simulink subsystem component.
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DC Motor

7-24

Define Physical Ports on Component
A physical port represents a Simscape physical modeling connector port called a Connection Port.

Use physical ports to connect components in an architecture model or to enable physical systems in a
Simulink subsystem.

Create a new System Composer architecture model. Add a component called DC Motor to the
canvas. To add physical ports to the component, pause on the boundary of the component until a port
outline appears. Click the port outline and, from the options, select Physical.

DC Motor

Physical ports can also be used to connect to Simscape blocks.

Note Components with physical ports cannot be saved as architecture models, model references,
software architectures, or Stateflow chart behaviors. Components with physical ports can only be
saved as subsystem references or subsystem component behaviors.

Specify Physical Interfaces on Ports

You can specify physical interfaces on the physical ports.

A physical interface defines the kind of information that flows through a physical port. The same
interface can be assigned to multiple ports. A physical interface is a composite interface equivalent to



Implement Component Behavior Using Simscape

a Simulink.ConnectionBus object that specifies any number of Simulink.ConnectionElement
objects.

Use a physical interface to bundle physical elements to describe a physical model using at least one
physical domain.

A physical element describes the decomposition of a physical interface. A physical element is
equivalent to a Simulink.ConnectionElement object.

Define the Type of a physical element as a physical domain to enable use of that domain in a physical
model.

To open the Interface Editor, navigate to Modeling > Interface Editor.

To add a new physical interface definition, click the list next to the =5 icon and select Physical
Interface. Name the physical interface Electricallnterface.

To add a physical element to the physical interface, click the ¢ icon. Physical interface and
physical element names must be valid MATLAB variable names. Create the physical elements
Positive and Negative.

4 In the Type column, define the Simscape domain to which these physical elements belong. In this
case, both belong to foundation.electrical.electrical.

Type
v @ Fanaslkx
* {0 Electricalinterface
Positive Connection: foundation_ electrical electrical
Megative Connection: foundation_electrical.electrical

5 Select the E port on the DC Motor component. Right-click the ElectricalInterface physical
interface on the Interface Editor and click Assign to Selected Port(s).

Create Simulink Subsystem Component

You can create a Simulink subsystem in System Composer to enable direct Simscape integration. For
more information, see “Create Simulink Subsystem Behavior Using Subsystem Component” on page
7-6.

Select the DC Motor component. Navigate to Modeling > Create Simulink Behavior, or use the
right-click menu on the component.
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7-26

Create Simulink behavior — ] X

Create a Simulink behavior and, optionally,
export local interfaces to a new shared data dictionary.

Type Subsystem v

New file name: DCMotor Browse...

From Simulink template:
Default v

New data dictionary name:

OK Cancel Help
Click OK.
DC Motor {)a
i R ’ liE 3

You can convert a subsystem component that is part of the parent System Composer model into a
subsystem reference behavior then save and reuse the subsystem as a separate artifact. For more

information, see “Convert Simulink Subsystem Component to Subsystem Reference Component” on
page 7-8.

Describe Component Behavior Using Simscape

Double-click the subsystem component to describe component behavior using Simscape. For the DC
motor this example is based on, see “Evaluating Performance of a DC Motor” (Simscape).

The physical interface can be decomposed into physical elements using a Simscape bus. Each
physical element represents a conserving connection associated with a domain in Simscape.
Simscape buses bundle conserving connections. For more information, see Simscape Bus (Simscape).

Add a Simscape Bus block next to the E physical port. Double-click the Simscape Bus and select the
connection type Bus: ElectricalInterface. Connect the E physical port to the Simscape Bus
block. The domain foundation.electrical.electrical defined under the Type of the
Positive and Negative physical elements are used for any connections from these ports.
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Positive

R d Negative E

You can also use owned interfaces defined locally on ports to enable domain-specific lines on a
Simscape behavior model in System Composer. Edit the port interface through the Property
Inspector. Navigate to Modeling > Property Inspector. In this case, Simscape Bus blocks are not
needed, and the port can connect directly to the physical connection of the specified domain. Add an
owned physical interface to the physical port R with Type as a
foundation.mechanical.rotational.rotational domain. Selecting edit to Open in
Interface Editor enters the Port Interface View in the Interface Editor. For more information,
see “Define Owned Interfaces Local to Ports” on page 3-10.

Property Inspector L
Port

Architecture Info

* Main
MName R
¥ Imterface

MName <owned> =
Open in Interface Editor edit .
Type foundation.mechanical.rotational rotational =

Using the Library Browser, retrieve the following Simscape blocks and construct the DC Motor model
with electrical and rotational mechanical domain-specific connectors.

A physical connector can represent a nondirectional conserving connection of a specific physical
domain. Connectors can also represent physical signals.

Use physical connectors to connect physical components that represent features of a system to
simulate mathematically.

For more information, see “Domain-Specific Line Styles” (Simscape).
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fix)=0 p

Solver
Configuration

R
Inductor Resistor
Rotational A N "
Electromechanical
Inertia Converter
i +
Positive
© 2>
+ Negative E
Friction —_——_——
S - Simscape Bus
Qo
Mechanical Electrical Reference

Rotational Reference

Physical modeling uses the network approach and is therefore different from regular Simulink
modeling. For more information, see “Modeling Best Practices” (Simscape) and “Troubleshooting
Simulation Errors” (Simscape).

See Also

createSimulinkBehavior | addPort | addPhysicalInterface | addElement | setInterface
| createInterface

More About
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“Describe System Behavior Using Sequence Diagrams” on page 6-2
“Implement Component Behavior Using Simulink” on page 7-2
“Implement Component Behavior Using Stateflow Charts” on page 7-14
“Define Port Interfaces Between Components” on page 3-2
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Merge Message Lines for Architectures Using Adapter Block

This example shows how to use an Adapter block to merge multiple message lines in a System

Composer™ architecture model.

Open the model.

systemcomposer.openModel ('mSysArchMessageMerge');

In this model, message-based communication is constructed between three software components: two
send components, SAC1 and SAC2, create messages and send them to a receive component, SAC3.

* The SAC1 component linked to the Simulink® behavior model mBottomupMsgl generates
messages with value 1 with a 0.1 sample time.

* The SAC2 component linked to the Simulink behavior model mBottomupMsg2 generates messages
with value 8 with a 0.2 sample time.

* The SAC3 component linked to the Simulink behavior model mBottomupMsg3 receives the merged
messages using a rate-based Subsystem block with a 0.5 sample time.

A first-in, first-out (FIFO) queue is used as a message buffer between the components.

SAC1
< mBottomupMsg1 >

Copyright 2020-2021 The MathWarks, Inc.

SAC2
< mBottomupMsg2 =

Copyright 2020-2021 The MathWorks, In

-

Qutput >

Output >

SAC3 IC
_< mBottomupMsg3 >

Output 1

&

> Inport > Inport

(=2
InBus

You can double-click the Adapter block to view the “Interface Adapter” on page 3-16 dialog box.
Confirm that the interface conversion Merge is applied. Mappings are now disabled.
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87 Edit Interface Mappings : Interface Adapter — O %

Create and edit mappings between input and output interfaces.

Mappings Create new mapping
Apply interface conversion: |Merge | Red Search Inputs | |Search Outputs
None )
Input UnitDelay Select input Select output

RateTransition ¥ Qutput ¥ Inport

InBus

Remove
| OK | | Cancel | | Help |
Simulate the model to merge the messages from the send components SAC1 and SAC2 produced by
Simulink behaviors into a single destination, the receive component SAC3.
sim('mSysArchMessageMerge');
Launch the Simulation Data Inspector to view the three messages together on the same diagram.
Simulink.sdi.view
Q @ ’ @|EmL |V |a-B- k|, BN
Inspect Compare = Send:1 ™ Meszage Receive 1
+ Fiter Signals 1o b e e SRR
HAME LINE an
= Run 4: mSysArchMessageMerge(Cur i &
Send 1 o .
. Send:1 — ’
E Message Receive: 1 — 5
as
L,
80
I.:l 0zs 8s
B 0] a0
] 1 2 3 4 L] [] T 8 W 10
45
¢ | Send1
@  DOEG 40
kL
L]
a
4 28
0
2
18
Auchive (3) o~ 0 v
Properties -~ 1 2 3 4 H ] H [ [ ) 1 2 3 H [} [ T H @ 0
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See Also
Simulation Data Inspector | Adapter | Send | Receive

Related Examples

. “Merge Message Lines Using Adapter Block” on page 10-32
. “Merge Message Lines Using a Message Merge Block”
. “Create A Rate-Based Model”
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* “Create and Manage Allocations Interactively” on page 8-2

* “Create and Manage Allocations Programmatically” on page 8-8

* “Allocate Architectures in Tire Pressure Monitoring System” on page 8-10
+ “Systems Engineering Approach for SoC Applications” on page 8-15
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Create and Manage Allocations Interactively

8-2

This example shows how to create and manage System Composer allocations interactively on the
model canvas and using the Allocation Editor.

In systems engineering, an architectural system is commonly described on different levels. Functional
architectures describe the high-level functions of a system. Logical architectures describe the logical
components of a system and how data is exchanged between them. You can use allocations to
establish relationships from functional components to logical components and to indicate deployment
strategies.

* An allocation establishes a directed relationship from architectural elements — components,
ports, and connectors — in one model to architectural elements in another model.

Resource-based allocation allows you to allocate functional architectural elements to logical
architectural elements and logical architectural elements to physical architectural elements.

* An allocation scenario contains a set of allocations between a source and a target model.

Allocate between model elements in an allocation scenario. The default allocation scenario is
called Scenario 1.

* An allocation set consists of one or more allocation scenarios that describe various allocations
between a source and a target model.

Create an allocation set with allocation scenarios in the Allocation Editor. Allocation sets are
saved as MLDATX files.

To create allocations programmatically, see “Create and Manage Allocations Programmatically” on
page 8-8.

Create and Manage Allocations Interactively Using Tire Pressure
Monitoring System

This example uses the Tire Pressure Monitoring System (TPMS) project. To open the project, use this
command.

scExampleTirePressureMonitorSystem

Create Allocations between Two Models

You can create allocations between a functional architecture and a logical architecture of the TPMS
to represent directed relationships between components, ports, and connectors.

1. Open the functional architecture model, which is the source model for allocations.
systemcomposer.openModel ("TPMS FunctionalArchitecture");

2. To create an allocation set for these models, launch the Allocation Editor by navigating to
Modeling > Allocation Editor from the toolstrip.

The Allocation Editor has three parts: the toolstrip, the browser pane, and the allocation matrix.

» Use the toolstrip to create and manage allocation sets.
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» Use the Allocation Set Browser pane to browse and open existing allocation sets.

* Use the allocation matrix to specify allocations between the source model elements in the first
column and target model elements in the first row. You can create allocations programmatically or
by double-clicking a cell in the matrix.

ALLOCATIONS

Create and manage

allocation sets - 'n | &l
New Open Save SCEMARIO  REFRESH ILTER ILLINN FILTE ILTEF
Allocation Set  Allocation Set  Allocation Set -
_ ALL ON SET BRO Seenario 1 »
=
3 Functional2Logical $§ & |@ z ~ z o
= =g = =3 z %)
& Scenario 1 5|2 |z Ze e |d (o |8 |2 |2
- i < (B (2B (205 [0(F]2 [ |2
Browse and open 4 i MyAlocationSet 8 (2[5 4|4 |E|8[8 |22 |8 |2
. ! Scenario 1 ér 0 5 c'cf nE'. L € |2 L | E o
allocation sets JIZIZIE 15 (2|2 |8 |5 |5 (B
rl el e D B Bl il il i >
E l'_] K i (@ (G @ (@ o (@ (1 |3
, o . .
_ I._l 2 Specify allocations
» [ TPMS_Functionalds o using
I Raport Low Tirs m the matrix representation
- 0ot Low Tire B
:‘ nBus
= QuiBuS==InBus
= OutBus—->InBus
—~ QuiBus—->InBus
r = [™] Measure Tire P d

3. Click New Allocation Set to create a new allocation set between two models and set the name. In
this example, TPMS_FunctionalArchitecture.slx is the source model, and
TPMS LogicalArchitecture.slxis the target model.

Create Allocation Set X
Mame: Functional2Logical
Source Model: Browse ‘__l
Target Model: Browse
Cancel

4. To create an allocation between two elements of the same type from the source model to the target
model, double-click the corresponding cell in the allocation matrix. Double-click the cell for the
Report Low Tire Pressure component on the souce model and the TPMS Reporting System
component on the target model.
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Allocation Set Browser o Scenario 1 v
4 [z7] Functional2Logical * = . 5 -
7 Scenario 1 2 (8 %
@ W
z |2 4 2 o o |3 3
E 5 E" rn—' = '_I '_| EI & p:
3 e g (s |8 |8 |2 |2
2|2 3 (R|8|E & (8|8 |5
S mm |2 |2 | |C |4
J B2 (2|5 (2 (2|25 |3
5 1 A [© [ (G [© [ |G
=L
~ [7] TPMS_FunctionalArchitecture
~ [7] Report Low Tire Pressure A

0> InBus

= OutBus-->InBus

= OutBus-->InBus

~ OutBus-->InBus

~ [T] Measure Tire Pressure

x + [T] Calculate Tire Pressure

s

S31143d0Hd NOILY20TTY

4]

5. To show allocations on model elements for the source model TPMS_FunctionalArchitecture,

on the toolstrip, navigate to Modeling > Allocation Editor > Show Allocations. Select the Report
Low Tire Pressure source component and click the allocated to symbol. You will see the full path

of the target component.

Report Low Tire Pressure

2

b InBus

Functional2Logical f Scenario 1

Allocated to:

[C] TPMS Lo-gi:alhrdﬂitﬁnl:tureﬁms Reporting System *
5

6. Click the target component to navigate to it on the target model.
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7. Return to the source model TPMS FunctionalArchitecture and create a new allocation from a
model element. Right-click the Calculate if pressure is low component, and from the tooltip
select Allocations, then select Select as allocation source.

8. On the target model TPMS LogicalArchitecture, right-click the TPMS Reporting System
component, From the tooltip, select Allocations. Then, select Allocate to selected element.
Choose the active allocation scenario.

B " Select Active Scenario x
Select Active Scenario New ...
¥ Functional2Logical Open ...
Scenario 1

Selected scenario: Functional2Logical/Scenario 1

Cancel

9. To show allocations on model elements for the source model TPMS LogicalArchitecture, on
the toolstrip, navigate to Modeling > Allocation Editor > Show Allocations. Click the allocated
from symbol on the TPMS Reporting System component to view the full path of the two allocated-
from components. Click the delete icon on either component to delete the allocation and deallocate
the components. Click Confirm delete to continue deleting.
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Allocated from:
|:| TPMS_FunctionalArchitecture/Report Low Tire Pressure  x
(] TPMS_FunctionalArchitecture/Calculate if pressure is low (to delete)

B laftFront_|sLow rightFront_|sLow <1

Cancel delete | Confirm delete

I laftFront_TP rightFront_ TP <1 I
= laftBack_|sLow rightBack_lsLow < Right Rear TPMS
| = TPMS =
<] isTrePressurelow
> laftBack_TP rightBack_TP <
<] calibTirePressure
h o kv r
4 g
= -
z @
] £
= o
L+ =
= =
g
E
See Also

systemcomposer.allocation.AllocationScenario |
systemcomposer.allocation.AllocationSet | editor | getScenario|allocate |
synchronizeChanges

More About

. “Create and Manage Allocations Programmatically” on page 8-8

. “Manage Requirements” on page 2-8

. “Analyze Architecture” on page 9-2

. “Allocate Architectures in Tire Pressure Monitoring System” on page 8-10
. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Create and Manage Allocations Programmatically

8-8

This example shows how to create and manage System Composer allocations using the Allocation
Editor and programmatic interfaces.

* An allocation establishes a directed relationship from architectural elements — components,
ports, and connectors — in one model to architectural elements in another model.

Resource-based allocation allows you to allocate functional architectural elements to logical
architectural elements and logical architectural elements to physical architectural elements.

* An allocation scenario contains a set of allocations between a source and a target model.

Allocate between model elements in an allocation scenario. The default allocation scenario is
called Scenario 1.

* An allocation set consists of one or more allocation scenarios that describe various allocations
between a source and a target model.

Create an allocation set with allocation scenarios in the Allocation Editor. Allocation sets are
saved as MLDATX files.

To create allocations interactively, see “Create and Manage Allocations Interactively” on page 8-2.

Create and Manage Allocations Using Tire Pressure Monitoring System

This example uses the Tire Pressure Monitoring System (TPMS) project. To open the project, use this
command.

scExampleTirePressureMonitorSystem

Create New Allocation Set

You can create an allocation set using the Allocation Editor. In this example,
TPMS_FunctionalArchitecture.slx is the source model and
TPMS LogicalArchitecture.slx is the target model.

To create an allocation set for these models, use this command.

allocSet = systemcomposer.allocation.createAllocationSet(...

"FunctionalTolLogical', ...% Name of the allocation set
'"TPMS_FunctionalArchitecture', ... % Source model
'"TPMS LogicalArchitecture' ... % Target model

);
To see the allocation set, open the Allocation Editor by using this command.
systemcomposer.allocation.editor

Create Allocations between Two Models

This example shows how to programmatically create allocations between two models in the TPMS
project.

Get handles to the reporting functions in the functional architecture model.
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functionalArch = systemcomposer.loadModel('TPMS FunctionalArchitecture');
reportLevels = functionalArch.lookup('Path', 'TPMS FunctionalArchitecture/Report Tire Pressure Le
reportLow = functionalArch.lookup('Path', 'TPMS FunctionalArchitecture/Report Low Tire Pressure')

Get the handle to the TPMS reporting system component in the logical architecture model.

logicalArch = systemcomposer.loadModel('TPMS LogicalArchitecture');
reportingSystem = logicalArch.lookup('Path', 'TPMS LogicalArchitecture/TPMS Reporting System');

Create the allocations in the default scenario that is created.

defaultScenario = allocSet.getScenario('Scenario 1');
defaultScenario.allocate(reportLevels, reportingSystem);
defaultScenario.allocate(reportLow, reportingSystem);

Optionally, you can delete the allocation between reporting low tire pressure and the reporting
system.

% defaultScenario.deallocate(reportLow, reportingSystem);

See Also

systemcomposer.allocation.AllocationScenario |
systemcomposer.allocation.AllocationSet | editor | getScenario | allocate |
synchronizeChanges

More About
. “Create and Manage Allocations Interactively” on page 8-2
. “Manage Requirements” on page 2-8

. “Analyze Architecture” on page 9-2
. “Allocate Architectures in Tire Pressure Monitoring System” on page 8-10
. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Allocate Architectures in Tire Pressure Monitoring System
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Use allocations to analyze a tire pressure monitoring system.

Overview

In systems engineering, it is common to describe a system at different levels of abstraction. For
example, you can describe a system in terms of its high-level functions. These functions may not have
any behavior associated with them but most likely trace back to some operating requirements the
system must fulfill. We refer to this layer (or architecture) as the functional architecture. In this
example, an automobile tire pressure monitoring system is described in three different architectures:

1 Functional Architecture — Describes the system in terms of its high-level functions. The
connections show dependencies between functions.

2 Logical Architecture — Describes the system in terms of its logical components and how data is
exchanged between them. Additionally, this architecture specifies behaviors for model simulation.

3  Platform Architecture — Describes the physical hardware needed for the system at a high level.
The allocation process is defined as linking these three architectures that fully describe the system.
The linking captures the information about each architectural layer and makes it accessible to the
others.

Use this command to open the project.

scExampleTirePressureMonitorSystem

TPMS

Mation Sensor

[ — . ~ -

Temprature Blnm"}

Open the FunctionalAllocation.mldatx file, which displays allocations from
TPMS_FunctionalArchitecture to TPMS LogicalArchitecture in the Allocation Editor. The
elements of TPMS_FunctionalArchitecture are displayed in the first column. The elements of
TPMS LogicalArchitecture are displayed in the first row. The arrows indicate the allocations
between model elements.
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The arrows display allocated components in the model. You can observe allocations for each element
in the model hierarchy.

The rest of the example shows how to use this allocation information to further analyze the model.
Functional to Logical Allocation and Coverage Analysis

This section shows how to perform coverage analysis to verify that all functions have been allocated.
This process requires using the allocation information specified between the functional and logical
architectures.

To start the analysis, load the allocation set.

allocSet
scenario

systemcomposer.allocation.load('FunctionalAllocation');
allocSet.Scenarios;

Verify that each function in the system is allocated.

import systemcomposer.query.*;
[~, allFunctions] = allocSet.SourceModel.find(HasStereotype(IsStereotypeDerivedFrom("TPMSProfi
unAllocatedFunctions = [];
for 1 = 1:numel(allFunctions)

if isempty(scenario.getAllocatedTo(allFunctions(i)))

unAllocatedFunctions = [unAllocatedFunctions allFunctions(i)];

end

end

if isempty(unAllocatedFunctions)

fprintf('All functions are allocated');
else

fprintf('sd Functions have not been allocated', numel(unAllocatedFunctions));
end

All functions are allocated
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The result displays ALl functions are allocated to verify that all functions in the system are
allocated.

Analyze Suppliers Providing Functions

This section shows how to identify which functions will be provided by which suppliers using the
specified allocations. Since suppliers will be delivering these components to the system integrator,
the supplier information is stored in the logical model.

suppliers = {'Supplier A', 'Supplier B', 'Supplier C', 'Supplier D'};
functionNames = arrayfun(@(x) x.Name, allFunctions, 'UniformOutput', false);
numFunNames = length(allFunctions);
numSuppliers = length(suppliers);
allocTable = table('Size', [numFunNames, numSuppliers], 'VariableTypes', repmat("double", 1, ni
allocTable.Properties.VariableNames = suppliers;
allocTable.Properties.RowNames = functionNames;
for i = 1l:numFunNames
elem = scenario.getAllocatedTo(allFunctions(i));
for j = 1l:numel(elem)
elemSupplier = elem(j).getEvaluatedPropertyValue("TPMSProfile.LogicalComponent.Supplie
allocTable{i, strcmp(elemSupplier, suppliers)} = 1;
end

end
The table shows which suppliers are responsible for the corresponding functions.

allocTable

allocTable=8x4 table
Supplier A Supplier B Supplier C Supplier D

Measure temprature of tire
Measure rotations

Calculate Tire Pressure
Report Tire Pressure Levels
Measure pressure on tire
Measure Tire Pressure

Report Low Tire Pressure
Calculate if pressure is low

HFHFOOHROOO
[cNoNoNoNoN N N o)
[cNoNoN SN oNoNoNo)
[cNoNoNoNoNoNoN

Analyze Software Deployment Strategies

You can determine if the Engine Control Unit (ECU) has enough capacity to house all the software
components. The software components are allocated to the cores themselves, but the ECU is the
component that has the budget property.

Get the platform architecture.
platformArch = systemcomposer.loadModel('PlatformArchitecture');
Load the allocation.
softwareDeployment = systemcomposer.allocation.load('SoftwareDeployment');

frontECU = platformArch.lookup('Path', 'PlatformArchitecture/Front ECU");
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rearECU = platformArch.lookup('Path', 'PlatformArchitecture/Rear ECU');

scenariol = softwareDeployment.getScenario('Scenario 1');

scenario2 = softwareDeployment.getScenario('Scenario 2');

frontECU_availMemory = frontECU.getEvaluatedPropertyValue("TPMSProfile.ECU.MemoryCapacity");
rearECU_availMemory = rearECU.getEvaluatedPropertyValue("TPMSProfile.ECU.MemoryCapacity");

frontECU _memoryUsedl = getUtilizedMemoryOnECU(frontECU, scenariol);
frontECU_isOverBudgetl = frontECU memoryUsedl > frontECU availMemory;
rearECU_memoryUsedl = getUtilizedMemoryOnECU(rearECU, scenariol);
rearECU_isOverBudgetl = rearECU memoryUsedl > rearECU availMemory;

frontECU _memoryUsed2 = getUtilizedMemoryOnECU(frontECU, scenario2?);
frontECU_isOverBudget2 = frontECU memoryUsed2 > frontECU availMemory;
rearECU_memoryUsed2 = getUtilizedMemoryOnECU(rearECU, scenario2);
rearECU_isOverBudget2 = rearECU memoryUsed2 > rearECU availMemory;

Build a table to showcase the results.

softwareDeploymentTable = table([frontECU memoryUsedl; frontECU availMemory; ...
frontECU isOverBudgetl;rearECU memoryUsedl; rearECU availMemory;rearECU isOverBudgetl],
[frontECU memoryUsed2; frontECU availMemory; frontECU isOverBudget2;rearECU memoryUsed2;
rearECU _availMemory; rearECU isOverBudget2],
'VariableNames',{'Scenario 1', 'Scenario 2'},...
'RowNames', {'Front ECUMemory Used (MB)', 'Front ECU Memory (MB)', 'Front ECU Overloaded',
'Rear ECU Memory Used (MB)', 'Rear ECU Memory (MB)', 'Rear ECU Overloaded'})

softwareDeploymentTable=6x2 table

Scenario 1 Scenario 2
Front ECUMemory Used (MB) 110 90
Front ECU Memory (MB) 100 100
Front ECU Overloaded 1 0
Rear ECU Memory Used (MB) 0 20
Rear ECU Memory (MB) 100 100
Rear ECU Overloaded 0 0

function memoryUsed = getUtilizedMemoryOnECU(ecu, scenario)

For each component in the ECU, accumulate the binary size required for each allocated software
component.

coreNames = {'Corel', 'Core2','Core3', " 'Cored'};
memoryUsed = 0;
for i = l:numel(coreNames)
core = ecu.Model.lookup('Path', [ecu.getQualifiedName '/' coreNames{i}]);
allocatedSWComps = scenario.getAllocatedFrom(core);
for j = 1l:numel(allocatedSWComps)
binarySize = allocatedSWComps(j).getEvaluatedPropertyValue("TPMSProfile.SWComponent.Bi
memoryUsed = memoryUsed + binarySize;
end
end
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end

See Also

getAllocatedTo | load | getScenario | getAllocatedFrom | synchronizeChanges |
getEvaluatedPropertyValue | systemcomposer.loadModel | find | getQualifiedName |
lookup

More About

. “Create and Manage Allocations Interactively” on page 8-2

. “Create and Manage Allocations Programmatically” on page 8-8
. “Analyze Architecture” on page 9-2

. “Analysis Function Constructs” on page 9-9

. “Organize System Composer Files in Projects” on page 12-2

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Systems Engineering Approach for SoC Applications

This example shows how to design a sample signal detector application on a System on Chip (SoC)
platform using a systems engineering approach. The workflow in this example maps the application
functions onto the selected hardware architecture.

The signal detector application continuously processes the signal data and classifies the signal as
either high or low frequency. The signal cannot change between high- and low-frequency classes
faster than 1 ms. The signal is sampled at the rate of 10 MHz.

Functional Architecture

Define the functional architecture of the application. At this stage, the implementation of the
application components is not known. You can use the System Composer™ software to capture the
functional architecture.

This model represents the functional architecture with its main software components and their
connections.

systemcomposer.openModel('soc _signaldetector func');

soc_signaldetector_func

- " i 4
Generate Signal ~ & Preprocess Signal 0% Classify Signal O* Activate LEDs &

< 80c_siggen > < S0C_Sigpreproc > « sne_sigelass = = soc_|edact =

OulBust [ [ LFSigin
Raw Dala [ B InDala OuiData B B InDala

OulBusZ [» B HFSigln

The functional architecture of the application consists of these top-level components:

1 Generate Signal
2 Preprocess Signal
3 Classify Signal

4 Activate LEDs

Hardware Architecture

Select the hardware architecture. Due to the anticipated application complexity, choose an SoC
device. The chosen SoC device has a hardware programmable logic (FPGA) core and an embedded
processor (ARM) core. You can use the System Composer software to capture the details of the
hardware architecture.
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This model represents the hardware architecture with its main hardware components and their

connections.

systemcomposer.openModel('soc signaldetector arch');

soc_signaldetector_arch

FPGA it

Meamary

[» Samnples

<1 ResultDut

Frame [»

Resultin <

Processor

[> Frame

<] Result

i

&l

<1
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Behavioral Modeling

If the implementations for functional components are available, you can add them to the functional
architecture as behaviors. In System Composer, for each functional component, you can link the
implementation behaviors as Simulink® models. To review the component implementations, double-
click each component in the functional architecture model.

After you define the behavior of each component, you can simulate the behavior of the entire
application and verify its functional correctness. Select Run in the functional architecture model.
Then, analyze the signals classification results in the Simulation Data Inspector. To change the
signal type, select the Generate Signal component and then select the Manual Switch block.
Confirm that the source signal is classified correctly.

Allocation of Functional and Hardware Elements

After refining the functional and hardware architecture, allocate different functional components to
different hardware elements to meet desired system performance benchmarks. In this case, some
functional components are constrained as to where in the hardware architecture they can be
implemented. You must implement the Generate Signal and Activate LEDs components on the
FPGA core in the chosen hardware architecture due to input output (I/O) connections. Comparatively,
you can implement the Preprocess Signal and Classify Signal components on either the
FPGA or on the processor core.

Component Constraint
Generate Signal FPGA
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Preprocess Signal -
Classify Signal -
Activate LEDs FPGA

This example shows how to use three possible scenarios for allocating the application functional
architecture to the hardware architecture.

* The FPGA handles preprocessing and classification.

* The FPGA handles preprocessing and the processor handles classification.

* The processor handles preprocessing and classification.

System Composer captures these scenarios as Scenario 1, Scenario 2, and Scenario 3 using
the Allocation Editor.

allocSet = systemcomposer.allocation.load('soc signaldetector allocation');
systemcomposer.allocation.editor

Allocation Set Browser Scenario 1 Allocation Scenario Propertias
PR = Name Value
soc_signaldetactor_allocation —
= - 2 4 Main
- 5]
&| Scenario 1 s |
i 2 |3 Name Scenario 1
& Scenario 2 = % g .
gr Scenario 3 5 |3 5 g o Descripti Preprocessing and c
: E |2 | |w escription p gandc
s 0 D0
lj b b b b
b

~ [™] soc_signaldetector_
= [™] Activate LEDs
~ [™] Generate Signal

~ [™] Preprocess Sign

b b b b

~ [™ Classify Signal

Choosing an allocation scenario requires finding an implementation that optimally meets the
application requirements. Often you can find this implementation via static analysis without detailed
simulation. In this example, use static analysis to analyze the computational costs of implementing
different functional components on the processor and on the FPGA.

Implementation Cost

The implementation cost of a component depends on the required computation operations. To
determine the implementation costs, consider these typical approaches.

* Component implementation is not available: Obtain the computational cost from the available
reference implementations.

* The implementation and the hardware are available: Measure or profile the implementation cost
on the candidate hardware.

* The implementation is available, but the hardware is not: Estimate the implementation cost by
using the SoC Blockset™ algorithm analyzer function socAlgorithmAnalyzerReport.
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The socModelAnalyzer function estimates the number of operations in a Simulink model and
generates an algorithm analyzer report. To get the number of operations that a model executes to
then analyze the implementation cost on the processor, use the dynamic analysis function option. To
get the number of operators an algorithm requires to then analyze the implementation cost on the
FPGA, use the static analysis function option. For an example on how to use socModelAnalyzer, see
this sample function.

soc_signaldetector costanalysis

*** Component: 'Preprocess Signal'
ADD (+) MUL (*)

FPGA Implementation 15 16
Processor Implementation 15300 16320

*** Component: 'Classify Signal'
ADD (+) MUL (*)

FPGA Implementation 32 18
Processor Implementation 32640 18360

The implementation costs for each functional component obtained in this code are entered in the
corresponding stereotypes in the functional architecture. To verify the values, select each component
in the functional architecture model and use the Property Inspector.

To learn more about socModelAnalyzer, see the “Compare FIR Filter Implementations Using
socModelAnalyzer” (SoC Blockset) example. This example shows how to analyze the computational
complexity of different implementations of a Simulink algorithm.

Allocation Choice

You can use the number of operators or operations that are required for implementing the application
functional components to decide how to allocate the functional components to the hardware
components. Analyze the candidate allocations by comparing the implementation cost against the
available resources of the FPGA and the processor. This example uses sample values in the FPGA and
the processor components in the hardware architecture model for the available computation
resources. Verify the values by using the Property Inspector.

Typically, the analysis does not use the number of operators or operations directly. Rather, the
number of operators or operations are multiplied by the cost of each operator or operation first. The
cost of the operator or operations is hardware dependent. Determining such costs is beyond the
scope of this example.

For an example on how to use the cost models, use this function. Observe that we require the
capacity of the FPGA and the processor be greater than the estimated implementation cost as well as
that the processor headroom be between 60 and 90 %.

soc_signaldetector partitionanalysis

FPGA DSPs Used (out of 900) FPGA LUT Used (out of 218600) Processor Inst
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Scenario 1 34 576
Scenario 2 16 192
Scenario 3 0 0

Based on the results Scenario 2 is feasible.

Data Path Design Between FPGA and Processor

The FPGA processes data sample-by-sample, and the processor processes frame-by-frame. Because
the duration of a processor task can vary, to prevent data loss, a queue is needed to hold the data
between the FPGA and processor. In this case you must set these parameters that are related to the
queue: frame size, number of frame buffers, and FIFO size (that is, the number of samples in the
FIFO). Also, in embedded applications, the task durations can vary between different task instances
(for example, due to different code execution paths or due to variations in OS switching time). As a
result, data might be dropped in the memory channel. The “Streaming Data from Hardware to
Software” (SoC Blockset) example shows a systematic approach to choosing the previously mentioned
parameters that satisfy the application requirements.

See Also
socAlgorithmAnalyzerReport | socModelAnalyzer | systemcomposer.allocation.editor

More About

. “Using the Algorithm Analyzer Report” (SoC Blockset)

. “Create and Manage Allocations Programmatically” on page 8-8
. “Analyze Architecture” on page 9-2

. “Compose Architectures Visually” on page 1-2

. “Implement Component Behavior Using Simulink” on page 7-2
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* “Analyze Architecture” on page 9-2

* “Analysis Function Constructs” on page 9-9

» “Battery Sizing and Automotive Electrical System Analysis” on page 9-14

* “Calculate Endurance Using Quadcopter Architectural Design” on page 9-16

* “Design Insulin Infusion Pump Using Model-Based Systems Engineering” on page 9-23
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Analyze Architecture
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Perform static analysis on a System Composer architecture to evaluate characteristics of the system.

Analysis is a method for quantitatively evaluating an architecture for certain characteristics. Static
analysis analyzes the structure of the system. Static analysis uses an analysis function and parametric
values of properties captured in the system model.

Use analyses to calculate overall reliability, mass roll-up, performance, or thermal characteristics of a
system, or to perform a SWaP analysis.

Write static analyses based on element properties to perform data-driven trade studies and verify
system requirements. Consider an electromechanical system where there is a trade-off between cost
and weight, and lighter components tend to cost more. The decision process involves analyzing the
overall cost and weight of the system based on the properties of its elements, and iterating on the
properties to arrive at a solution that is acceptable both from the cost and weight perspective.

The analysis workflow consists of these steps:
1 Define a profile containing a set of stereotypes that describe some analyzable properties (for

example, cost and weight).

2 Apply the profile to an architecture model and add stereotypes from that profile to elements of
the model (components, ports, or connectors).

3 Specify values for the properties on those elements.

Write an analysis function to compute values necessary for the trade study. This is a static
constraint solver for parametrics and values of related properties captured in the system model.

5 Create an instance of the architecture model, which is a tree of elements, corresponding to the
model hierarchy with all shared architectures expanded and a variant configuration applied. Use
the Instantiate Architecture Model tool.

6 Run the analysis function and then see analysis calculations and results in the Analysis Viewer
tool.

Set Properties for Analysis

This example shows how to enable analysis by adding stereotypes to model elements and setting
property values. The model provides the basis to analyze the trade-off between total cost and weight
of the components in a simple architecture model of a robot system.

Open the Model

Open the systemWithProps architecture model.
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ES}ﬁtemwithPers b -
systemWithProps
Computer 0% Robot 0%
OutBus P b--mmmmmm e e e > InBus
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PowerSource “
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Import Profile

Enable analysis of properties by first importing a profile. In the toolstrip, navigate to Modeling >
Profiles > Import and browse to the profile to import it.

Apply Stereotypes to Model Elements

Apply stereotypes to all model elements that are part of the analysis. Use the Apply Stereotypes
dialog to apply stereotypes to all elements of a certain type. Navigate to Modeling > Apply
Stereotypes. In Apply Stereotypes, from Apply stereotype(s) to, select Components. From Scope,
select This layer. For more information, see “Use Apply Stereotypes Dialog to Batch Apply
Stereotypes” on page 5-13.

Tip Make sure you apply the stereotype to the top-level component if a cumulative value is to be
computed.

Set Property Values

Set property values for each model element in the Property Inspector. To open the Property
Inspector, navigate to Modeling > Property Inspector.
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Select the model element.
In the Property Inspector, expand the stereotype name and type values for properties.

s Property Inspector }

- Component

~ Architecture Infio
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Rﬂhﬂt y MName Robot
Sterectype Add.. i
* PhysicalComponent Select ~
wolume 0 m3
weight 20 kg
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[
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|
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[
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Create a Model Instance for Analysis

Create an instance of the architecture model that you can use for analysis.

An instance is an occurrence of an architecture model element at a given point in time.

An instance freezes the active variant or model reference of the component in the instance model.
An instance model is a collection of instances.

You can update an instance model with changes to a model, but the instance model will not update
with changes in active variants or model references. You can use an instance model, saved in a MAT
file, of a System Composer architecture model for analysis.

Navigate to Modeling > Analysis Model to open the Instantiate Architecture Model tool. Specify
all the parameters required to create and view an analysis model.
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Instantiate Architecture Model

Description

Create an instance model from this architecture model by flattening out all referenced models and their components. Such an
instance model may be used for system-level analysis expressed as MATLAB functions.

Step 1: Select Stereotypes

Select the stereotypes to make available on
the instance model

v [m] SystemProfile
Budgets
PhysicalComponent
[ PhysicalConnector
PhysicalElement
SoftwareComponent

Strict Mode

Don't see your profile? | Profile Editor ...

Step 2: Configure Analysis
Function

Analysis function:

|systemWithProps_1 |13 |4 @

Function arguments (comma-separated):

»> systemWithProps_1(instance)

Model Tteration

Iteration Order: | Bottom-up ~

Instance Model Properties

Name: |systemiithProps

] Mormalize Units

Zg Cancel [) Instantiate

The Select Stereotypes tree lists the stereotypes of all profiles that have been loaded in the current
session and allows you to select those whose properties should be available in the instance model.
You can browse for an analysis function, create a new analysis function, or skip analysis at this point.
If the analysis function requires inputs other than elements in the model, such as an exchange rate to
compute cost, enter it in Function arguments. Select a mode for iterating through model elements,
for example, Bottom-up to move from the leaves of the tree to the root. Strict Mode ensures
instances get properties only if the corresponding element in the composition model has the
stereotype applied.

To view the instance, click Instantiate and launch the Analysis Viewer tool.

The Analysis Viewer shows all elements in the first column. The other columns show properties for all
stereotypes chosen for the current instance. If a property is not part of a stereotype applied to an
element, that field is greyed out. You can use the Filter button to hide properties for certain
stereotypes. When you select an element, Instance Properties shows the stereotypes and property
values of the element. You can save an instance in a MAT-file and open it again in the Analysis Viewer.
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If you make changes in the model while an instance is open, you can synchronize the instance with
the model. Update pushes the changes from the instance to the model. Refresh pulls changes to the
instance from the model. Unsynchronized changes are shown in a different color. Selecting a single
element enables the option to Update Element.

Write Analysis Function

Write a function to analyze the architecture model using instances. An analysis function quantitatively
evaluates an architecture for certain characteristics.

An analysis function is a MATLAB function that computes values necessary to evaluate the
architecture using the properties of each element in the model instance.

Use an analysis function to calculate the result of an analysis.
For more information, see “Analysis Function Constructs” on page 9-9.
You can add an analysis function as you set up the analysis instance model. After you select the

stereotypes of interest, create a template function by clicking + next to the Analysis function
field. The generated M-file includes the code to obtain all property values from all stereotypes that
are subject to analysis. The analysis function operates on a single element — aggregate values are
generated by iterating this function over all elements in the model when you run the analysis using
the Analysis Viewer tool.

function systemWithProps_ 1l(instance,varargin)

if instance.isComponent() && ~isempty(instance.Components)...
&& instance.hasValue('SystemProfile.PhysicalElement.unitCost")
sysComponent unitPrice = 0;
for child = instance.Components
if child.hasValue('SystemProfile.PhysicalElement.unitCost")
comp_price = child.getValue('SystemProfile.PhysicalElement.unitCost"');
sysComponent unitPrice = sysComponent unitPrice + comp price;
end
end
instance.setValue('SystemProfile.PhysicalElement.unitCost',sysComponent unitPrice);
end

In the generated file, instance is the instance of the element on which the analysis function runs
currently. You can perform these operations for analysis:

» Access a property of the instance:
instance.getValue("<profile>.<stereotype>.<property>")



Analyze Architecture

* Set a property of an instance:
instance.setValue("<profile>.<stereotype>.<property>",value)

* Access the subcomponents of a component: instance.Components
* Access the connectors in component: instance.Connectors

The getValue function generates an error if the property does not exist. You can use hasValue to
query whether elements in the model have the properties before getting the value.

As an example, this code computes the weight of a component as a sum of the weights of its
subcomponents.
if instance.isComponent() && ~isempty(instance.Components)...
&& instance.hasValue('SystemProfile.PhysicalElement.weight"')
weight = 0;
for child = instance.Components
if child.hasValue('SystemProfile.PhysicalElement.weight')
subcomp _weight = child.getValue('SystemProfile.PhysicalElement.weight");
weight = weight + subcomp weight;
end
end
instance.setValue('SystemProfile.PhysicalElement.weight',weight);
end

Once the analysis function is complete, add it to the analysis under the Analysis function box. An
analysis function can take additional input arguments, for example, a conversion constant if the
weights are in different units in different stereotypes. When this code runs for all components
recursively, starting from the deepest components in the hierarchy to the top level, the overall weight
of the system is assigned to the weight property of the top-level component.

Run Analysis Function

Run an analysis function using the Analysis Viewer.

1  Select or change the analysis function using the Analyze menu.
2 Select the iteration method.
* Pre-order — Start from the top level, move to a child component, and process the
subcomponents of that component recursively before moving to a sibling component.

* Top-Down — Like pre-order, but process all sibling components before moving to their
subcomponents.

* Post-order — Start from components with no subcomponents, process each sibling, and
then move to parent.

* Bottom-up — Like post-order, but process all subcomponents at the same depth before
moving to their parents.

The iteration method depends on what kind of analysis is to be run. For example, for an analysis
where the component weight is the sum of the weights of its components, you must make sure
the subcomponent weights are computed first, so the iteration method must be bottom-up.

3 Click the Analyze button.

System Composer runs the analysis function over each model element and computes results. The
computed properties are highlighted yellow in the Analysis Viewer.
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57 Instances Cost Weight volume unitCost weight devCost
4 P systemWithProps 0 5100 55

o Computer 0 2000 5

o PowerSource 0 100 30

o Robot 0 3000 20

Here, the total cost of the system is 5100 dollars and the total weight is 55 kg.

See Also

systemcomposer.analysis.Instance | iterate | instantiate | deleteInstance | update |
refresh | save | loadInstance | Llookup | getValue | setValue | hasValue

More About

. “Define Profiles and Stereotypes” on page 5-2

. “Organize System Composer Files in Projects” on page 12-2

. “Analysis Function Constructs” on page 9-9

. “Calculate Endurance Using Quadcopter Architectural Design” on page 9-16

. “Battery Sizing and Automotive Electrical System Analysis” on page 9-14
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Analysis Function Constructs

Analyze architectures to choose between design alternatives or improve existing designs. You can use
analysis functions with System Composer architecture models to perform systems analysis and trade
studies.

An analysis function is a MATLAB function that computes values necessary to evaluate the
architecture using the properties of each element in the model instance.

Use an analysis function to calculate the result of an analysis and determine the optimal parameters
to use for behavior models to simulate the architectural system.

Type Section

Roll-up analysis “Roll-Up Analysis for Quadcopter Design” on page 9-9

Class-based analysis “Class-Based Analysis for Battery Sizing” on page 9-10

Allocation-based analysis “Allocation-Based Analysis for Tire Pressure Monitoring” on page
9-11

Remaining useful life (RUL) “Remaining Useful Life Analysis for Mobile Robot Design” on page

analysis 9-11

Variant analysis “Variant Analysis for Insulin Infusion Pump Design” on page 9-12

For more information on analysis functions and architecture instances, see “Analyze Architecture” on
page 9-2.

Roll-Up Analysis for Quadcopter Design

Use a roll-up analysis function to calculate a total or average of model element property values.
Assign properties to model elements using stereotypes. For more information, see “Define Profiles
and Stereotypes” on page 5-2.

In this example, the analysis function systemWithProps 1calculates the total cost of all
components in the model and is compatible with the Analysis Viewer tool.

function systemWithProps 1(instance,varargin)

if instance.isComponent() && ~isempty(instance.Components)...
&& instance.hasValue('SystemProfile.PhysicalElement.unitCost")
sysComponent unitPrice = 0;
for child = instance.Components
if child.hasValue('SystemProfile.PhysicalElement.unitCost")
comp_price = child.getValue('SystemProfile.PhysicalElement.unitCost"');
sysComponent unitPrice = sysComponent unitPrice + comp price;
end
end
instance.setValue('SystemProfile.PhysicalElement.unitCost',sysComponent unitPrice);
end

This analysis function iterates through an architecture instance. First, the

sysComponent unitPrice variable is set to zero so that every time the analysis is run, sums do not
accumulate indefinitely. Each component instance is checked for a unitCost property value. All
unitCost property values are summed up and saved in the sysComponent unitPrice variable.
Finally, the unitCost property of the current component instance is updated with the value of
sysComponent unitPrice. For more information, see “Write Analysis Function” on page 9-6.

9-9



9 Analyze Architecture Model

9-10

In this example, a section of the analysis function calculateEndurance calculates endurance for a
quadcopter using component instance properties. The calculated endurance value is then set for the
architecture instance of the quadcopter with the setValue function.

if payloadBatteryCapacity ==
totalPower = powerConsumption + hoverPower/efficiency;
endurance = (batteryCapacity/1000)/(totalPower/voltage)*60;
else
payloadEndurance = (payloadBatteryCapacity/1000)/(powerConsumption/voltage)*60;
flightEndurance = (batteryCapacity/1000)/((hoverPower/efficiency)/voltage)*60;
if flightEndurance < payloadEndurance
endurance = flightEndurance;
else
endurance = payloadEndurance;
warning('Endurance is limited by payload electronics."')
end
end
instance.setValue('AirVehicle.Endurance',endurance)

For more information and for the supporting files, see “Calculate Endurance Using Quadcopter
Architectural Design” on page 9-16.

Class-Based Analysis for Battery Sizing
Use MATLAB classes for an analysis function to iterate over an object, or instantiation of the class.

In this example, the class called computeBatterySizing involves properties and methods useful for
the analysis function computelLoad.

classdef computeBatterySizing < handle

properties
totalCrankingInrushCurrent;
totalCrankingCurrent;
totalAccesoriesCurrent;
totalKeyOffLoad;
batteryCCA;
batteryCapacity;
puekertcoefficient;

end

methods

function obj = computeBatterySizing(obj)
obj.totalCrankingInrushCurrent = 0;
obj.totalCrankingCurrent = 0;
obj.totalAccesoriesCurrent = 0;
obj.totalKeyOffLoad = 0;
obj.batteryCCA = 0;
obj.batteryCapacity = 0;
obj.puekertcoefficient = 1.2;

end

function obj = displayResults(obj)
tempNumdaysToDischarge = (((obj.batteryCapacity/obj.puekertcoefficient)*0.3)/(obj.totalKeyOfflLoad*1le-3))/24;
disp("Total KeyOffLoad: " + num2str(obj.totalKeyOffLoad) + " mA");
disp("Number of days required for KeyOffLoad to discharge 30% of battery: " + ...
num2str(tempNumdaysToDischarge) + ".");
disp("Total CrankingInRush current: " + num2str(obj.totalCrankingInrushCurrent) + " A")
disp("Total Cranking current: " + num2str(obj.totalCrankingCurrent) + " A");

if(obj.totalCrankingCurrent > obj.batteryCCA)
disp("The Cold Cranking Amps of the specified battery is not sufficient to start the car 0 F.")

else
disp("CCA of the specified battery is sufficient to start the car at 0 F.")

end

end
end
end

For more information and for the supporting files, see “Battery Sizing and Automotive Electrical
System Analysis” on page 9-14.
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Allocation-Based Analysis for Tire Pressure Monitoring

A functional-to-logical allocation matrix allocates components in a functional architecture to
components in a logical architecture. Coverage analysis is the most basic form of analysis to
determine whether all elements have been allocated.

First, open the project for this example. Then, load the allocation set and collect the scenarios.

scExampleTirePressureMonitorSystem
allocSet = systemcomposer.allocation.load('FunctionalAllocation');
scenario = allocSet.Scenarios;

Verify that each function in the system is allocated.

import systemcomposer.query.*;

[~, allFunctions] = allocSet.SourceModel.find(HasStereotype(IsStereotypeDerivedFrom("TPMSProfile.Function")));
unAllocatedFunctions = [];
for i = 1l:numel(allFunctions)

if isempty(scenario.getAllocatedTo(allFunctions(i)))

unAllocatedFunctions = [unAllocatedFunctions allFunctions(i)];

end

end

if isempty(unAllocatedFunctions)

fprintf('All functions are allocated');
else

fprintf('%d Functions have not been allocated', numel(unAllocatedFunctions));
end

All functions are allocated
The output verifies that all functions are allocated.

For more information and for the supporting files, see “Allocate Architectures in Tire Pressure
Monitoring System” on page 8-10.

Remaining Useful Life Analysis for Mobile Robot Design

Remaining useful life (RUL) analysis estimates the time remaining before different subsystems fail.
The goal is to anticipate maintenance and thus minimize system disruptions.

In this example, the analysis function scMobileRobotAnalysis is compatible with the Analysis
Viewer tool.

function scMobileRobotAnalysis(instance,varargin)
ExpectedYearsBeforeFirstMaintenance = 2;

if ~instance.isArchitecture()
if instance.hasValue("HardwareBaseStereotype.Life")
Life = instance.getValue("HardwareBaseStereotype.Life");
UsagePerDay = instance.getValue("HardwareBaseStereotype.UsagePerDay");
UsagePerYear = instance.getValue("HardwareBaseStereotype.UsagePerYear");
WillSurvive = Life > UsagePerDay * UsagePerYear * ExpectedYearsBeforeFirstMaintenance;
instance.setValue("HardwareBaseStereotype.ExceedExpectedMaintenance”, WillSurvive);
end
end
end

After running this analysis function, you can optimize the desired first expected maintenance time in
years. Each component that exceeds the expected maintenance time, in this case set to two years, is
flagged with a check box. Unchecked components should be optimized or replaced with longer-lasting
parts.
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For more information and for the supporting files, see “Define Stereotypes and Perform Analysis” on
page 5-32.

Variant Analysis for Insulin Infusion Pump Design

Use variant analysis to choose one optimal combination of variants by comparing them with a
calculated metric.

In this example, the analysis function OutcomeAnalysis is used to determine the best configuration
for an insulin infusion pump. This standalone analysis function does not involve the Analysis Viewer
tool. Instead, the analysis function uses the iterate function and can be executed directly from the
MATLAB Command Window.

The OQutcomeAnalysis function first gathers all variant choice components named Pump and
BGSensor.

function outcomes = QutcomeAnalysis()
modelname = 'InsulinInfusionPumpSystem’;

therapyModel = systemcomposer.openModel (modelname);
components = therapyModel.Architecture.Components;
for idx = l:numel(components)
if strcmp(components(idx).Name, 'Pump')
pumps = components(idx).getChoices;
pumpNames = {};
for jdx = 1l:numel(pumps)
pumpNames{end+1} = pumps(jdx).Name;
end
elseif strcmp(components(idx).Name, 'BGSensor')
sensors = components(idx).getChoices;
sensorNames = {};
for jdx = l:numel(sensors)
sensorNames{end+1} = sensors(jdx).Name;
end
end
end

The analysis function then collects all variant combinations to iterate over.

config.Sensor = sensorNames{1};
config.Pump = pumpNames{1};
configs = {};

for idx = l:numel(sensorNames)
for jdx = 1l:numel(pumpNames)
config.Sensor = sensorNames{idx};
config.Pump = pumpNames{jdx};
configs{end+1} = config;
end
end

The analysis function activates the variants one by one, iterates over the model properties, and
collects outcomes. To set variant combinations, OutcomeAnalysis uses the setVariants function.
To compute the outcomes, OutcomeAnalysis uses the computeOQutcome function.
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outcomes = {};

for idx = l:numel(configs)
hOutcome = QutcomeContainer(configs{idx});
therapyModel.iterate('Topdown',@setVariants,configs{idx});
therapyModel.iterate('BottomUp',@computeOutcome, hOutcome);
hOutcome.setWeights([le-6 1 10 1 1000]"');
outcomes{end+1} = hOutcome;

end

Finally, the analysis function plots the net outcome to reveal the optimal design choice.

properties = {'Lower NRE', 'Higher Accuracy', 'Better Compliance',...
'Sooner To Market', 'Lower Operating Cost'};
plotMatrix = zeros(numel(outcomes), numel(properties));
plotStrings = {};
for idx = l:numel(outcomes)
plotStrings{idx} = [outcomes{idx}.Sensor '+' outcomes{idx}.Pump];
plotMatrix(idx,1) 1/ (outcomes{idx}.NRE);
plotMatrix(idx,2) outcomes{idx}.Accuracy;
plotMatrix(idx,3) outcomes{idx}.Compliance;
plotMatrix(idx,4) 1/ (outcomes{idx}.TimeToMarket);
plotMatrix(idx,5) 1/ (outcomes{idx}.AnnualCost);

end

colmin = zeros(1,5);
colmax = max(plotMatrix);
normalizedMatrix = rescale(plotMatrix, 'InputMin',colmin, 'InputMax',colmax);

if exist('spider plot') == 2
fig = figure;
spider plot(normalizedMatrix, 'AxeslLabels',properties,'FillOption','on',...
'FillTransparency',0.1, 'AxesDisplay', 'one');

title(sprintf('Trade Study Outcome'),...
'FontSize', 14);

legend(plotStrings, 'Location', 'eastoutside');

pos = fig.Position;

pos(2) = pos(2) - pos(4);
pos(3) = 2*pos(3);
pos(4) = 2*pos(4);
fig.Position = pos;

else

vals = sum(normalizedMatrix,2)/5;

x_labels = categorical(plotStrings);

h = bar(x labels,vals);

title('Net outcome');

ax = h.Parent;

ax.YLabel.String = 'Normalized units';
end

For more information and for the supporting files, see “Design Insulin Infusion Pump Using Model-
Based Systems Engineering” on page 9-23.

See Also
systemcomposer.analysis.Instance | iterate | instantiate | deleteInstance | update |
refresh | save | loadInstance | Llookup | getValue | setValue | hasValue

More About

. “Define Profiles and Stereotypes” on page 5-2
. “Analyze Architecture” on page 9-2
. “Organize System Composer Files in Projects” on page 12-2
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Battery Sizing and Automotive Electrical System Analysis

9-14

Overview

Model a typical automotive electrical system as an architectural model and run a primitive analysis.
The elements in the model can be broadly grouped as either a source or a load. Various properties of
the sources and loads are set as part of the stereotype. This example uses the iterate method of the
specification API to iterate through each element of the model and run analysis using the stereotype
properties.

Structure of Model

The generator charges the battery while the engine is running. The battery and the generator
support the electrical loads in the vehicle, like ECU, radio, and body control. The inductive loads like
motors and other coils have the InRushCurrent stereotype property defined. Based on the
properties set on each component, the following analyses are performed:

* Total KeyOffLoad.

* Number of days required for KeyOffLoad to discharge 30% of the battery.

+ Total CrankingInRush current.

* Total Cranking current.

» Ability of the battery to start the vehicle at 0°F based on the battery cold cranking amps (CCA).
The discharge time is computed based on Puekert coefficient (k), which describes the relationship
between the rate of discharge and the available capacity of the battery.

Load Model and Run Analysis

scExampleAutomotiveElectricalSystemAnalysis
archModel = systemcomposer.loadModel('scExampleAutomotiveElectricalSystemAnalysis');

Instantiate battery sizing class used by the analysis function to store analysis results.
objcomputeBatterySizing = computeBatterySizing;

Run the analysis using the iterator.
archModel.iterate('Topdown',@computelLoad,objcomputeBatterySizing)

Display analysis results.
objcomputeBatterySizing.displayResults

Total KeyOffLoad: 158.708 mA

Number of days required for KeyOfflLoad to discharge 30% of battery: 55.789.
Total CrankingInRush current: 70 A

Total Cranking current: 104 A

CCA of the specified battery is sufficient to start the car at 0 F.

ans =
computeBatterySizing with properties:

totalCrankingInrushCurrent: 70
totalCrankingCurrent: 104
totalAccesoriesCurrent: 71.6667
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totalKeyOffLoad: 158.7080
batteryCCA: 500
batteryCapacity: 850
puekertcoefficient: 1.2000

iveElectricalSy alysi

Ganerator ] Battery a

CulBus b b InBus OulBs b b iEus

Zepyrignt 3070 The MathiNarks, Ino.

Close Model
bdclose('scExampleAutomotiveElectricalSystemAnalysis');

See Also

systemcomposer.analysis.Instance | iterate | instantiate | deleteInstance | update |
save | loadInstance | getValue | setValue | hasValue | Lookup

More About

. “Analyze Architecture” on page 9-2

. “Analysis Function Constructs” on page 9-9

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20

. “Allocate Architectures in Tire Pressure Monitoring System” on page 8-10

. “Calculate Endurance Using Quadcopter Architectural Design” on page 9-16
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Calculate Endurance Using Quadcopter Architectural Design

9-16

This example shows you how to create the physical architecture of a quadcopter following a target
green ball using System Composer™ and Requirements Toolbox™ and following a model-based
systems engineering (MBSE) workflow. Start by defining requirements, then extend architectural
data using stereotypes and custom property values for model elements, and finally use analysis to
iteratively improve on the design.

Define Functional Requirements for Quadcopter Design

The first step in the MBSE methodology is to define requirements. The concept of operations, or
conops, define the overall idea of the system. You then derive functional requirements from conops
requirements and further define the logical and physical subsystems by linking requirements.

1. Load Simulink® customizations.
sl refresh customizations
2. Load the physical architecture model in memory to view its requirement links.

systemcomposer.loadModel("QuadArchPhysical");
3. Open the requirement sets.

* Concept of operations

* Functional requirements

* Logical requirements

* Physical requirements
slreq.open("conops");
slreqg.open("FunctionalReqs Quad");

slreq.open("LogicalReqgs Quad");
slreq.open("PhysicalReqs Quad");

4. Open the Requirements Editor (Requirements Toolbox).
slreq.editor

Inspect the conops requirement Target Characteristics. The requirements under the
Decomposed by list represent the requirements contained in the top-level requirement. The
requirement Target Identification under the Derived from list represents requirements
derived from the conops requirement.
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® Requirement: &1
Details
v | L3 conops ~ Properties
1 #1 Target Characteristics
= w Type: Functional
E 2 #7 System Requirements e .
Ll Eiir i
"8 FunctionalReqs_Cuad c 1o | :
B 1 £1 Target ldentification
- Summary: |Targ-et tdentification
B 2 £6 System Mode Management
& 3 =7 Systemn Flight Management Description Rationale
liel 4 £#12  System Flight Control b |Aia v|10 | B I U . E =
v [\ LogicalReqs_Quad The system shall be able to identify the target’s
p-l:lﬁl:tlﬂi‘l relative to the S'_y'gl.éﬂ'l.
e 1 =10 Ground Control Station Requil

B 2 #20  AirVehicle
I =30 Aight Contral System
W 4 235 Payload
v (v PhysicalReqs_Quad
& 1 #3 Purwssr System

el 2 #6 Mass Properties & Geometry

= 3 1] Ground Control Station
[FIE 10 Quadcopler Keywonds:
P #13 | Payload

b Revision information:
T Links

= = Decomposed by:

& System Video Capture
& |dentify Target Direction
& |dentify Target Distance
& |dentify Target Location

]

= Derives:
&l Target Characteristics

To open the quadcopter physical architecture model, run this code.

systemcomposer.openModel ("QuadArchPhysical");

Manage requirements and architecture together in the Requirements Manager from Requirements
Toolbox. Navigate to Apps > Requirements Manager. You are now in the Requirements perspective
in System Composer. In this perspective, you can see which requirements are associated with specific
components in the physical architecture.
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Specify Functional Design Using Stereotypes and Properties

Stereotypes, defined on a profile, include properties to specify metadata on model elements to which
stereotypes are applied.

To open the Profile Editor tool, on the System Composer toolstrip, navigate to Modeling > Profile
Editor. Alternatively, run this command.

systemcomposer.profile.editor
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Profile EEL New Profile ',_'_=|] Open | | ol Save =

Profile Browser

Filter profiles: | <all> -

~ [) QuadcopterComms
BLE
CSI_Camera
CommsChannel
FPV_Camera
Radio
Serial_SPI
Use
Wifi
Wifi_Camera

v (5] QuadcopterPhysicalProperties
O AirVehicle
O Battery
HW_Implementation
O Payload
O PayloadComponent
O Target

Stereotype E% New Stereotype 23

Stereotype Properties

Import into | Select =

Name: | AirVehicle

Applies to: | Component

Base stereotype:  QuadcopterPhysicalProperties.HW_Implementation

[ Abstract stereotype

Description: |

» Default Sterectypes for Composition

o | [ v

Property name
PayloadCapacity
BatteryCapacity
Cost
FullyReprogrammable
IntegratedFwdCamera
PayloadPerDollar
Endurance

AirframeMass

= = B - Y - A I

TotalMass
10 PowerDraw

11 PayloadBatteryCapa...

Type
double
double
double
boolean
boolean
double
double
double
double
double
double

MName

Unit

mAh

Default

[ show inherited properties (read-only)

The AirVehicle stereotype applies to components and inherits from the base stereotype

HW Implementation. Each property under the AirVehicle stereotype is specified by a data type

defined by Type, and some properties include an engineering unit defined by Unit. You can apply the
AirVehicle stereotype to components in the quadcopter physical architecture to elaborate on these
components with specific property values. Define these property values for the RPiCam RadioComms
component in the Property Inspector.
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= U  RPiCam_RadioComms
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Component
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[ :‘I

¥ Main

MName
Stereotype

* AirVehicle
PayloadCapacity
BatteryCapacity
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FullyReprogrammable
[] IntegratedFwdCamera
PayloadPerDollar
Endurance
AirframeMass
TotalMass
PowerDraw
PayloadBatteryCapacity
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Perform Roll-Up Analysis to Calculate Endurance for Quadcopter Design

To open the Instantiate Architecture Model tool, on the System Composer toolstrip, navigate to
Modeling > Analysis Model. Select all the stereotypes under the

QuadcopterPhysicalProperties profile. Click the open
function file calculateEndurance.m. Select Bottom-up for Iteration Order. Click Instantiate.
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(al

Description

Create an instance model from this architecture model by flattening out all referenced models and their components. Such an |5,
instance model may be used for system-level analysis expressed as MATLAB functions. 4

Step 1: Select Stereotypes

Select the stereotypes to make available on
the instance model.

~ [0 QuadcopterComms
[ BLE
[J CSI_Camera
[J CommsChannel
[ FPV_Camera
[] Radio
[ Serial_SPI
(] uss
O wifi
[ wifi_Camera
v [ QuadcopterPhysicalProperties
4 Airvehicle
M Battery
(¥ HW_Implementation
& Payload
4 PayloadComponent
4 Target

EA strict Mode

Don't see your profile? | Profile Editor ...

Step 2: Configure Analysis
Function
Analysis function:

O+ @

|calculateEndurance

Function arguments (comma-separated):

»» calculateEndurance(instance)

Model Iteration

Iteration Order: Bottom-up v

Instance Model Properties

Name: |Quadhrchnhysical

[] Normalize Units

%S cancel | > Instantiate

In the Analysis Viewer tool, you can use an analysis function to calculate roll-up property values such
as BatteryCapacity, PayloadBatteryCapacity, PowerDraw, and TotalMass. The analysis
function also calculates the performance characteristics PowerDraw and Endurance. For more
information, see “Analysis Function Constructs” on page 9-9. Click Analyze to view the analysis

results highlighted in yellow.
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55 Instances AirframeMass BatteryCapacity Cost Endurance
4 B QuadArchPhysical

o GreenBall
4 3 Quadcopter 46 650 0 3.824743583
O Battery

4 3 Payload
o Camera
o PayloadBattery
O PayloadPowerSwitch
O VideoProcessing

The Endurance property for this particular configuration is calculated as approximately 3.825 using
this equation.

( batteryCapacity )
1000 *
( totalPower) 60
voltage

endurance =

You can change the variant configuration and run the analysis function again to calculate Endurance
and compare different proposed designs.

See Also
systemcomposer.profile.editor|slreq.editor|sl refresh customizations

More About
. “Analyze Architecture” on page 9-2
. “Compose Architectures Visually” on page 1-2

. “Analysis Function Constructs” on page 9-9

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20

. “Modeling System Architecture of Keyless Entry System” on page 11-25

. “Model-Based Systems Engineering for Space-Based Applications” on page 1-38



Design Insulin Infusion Pump Using Model-Based Systems Engineering

Design Insulin Infusion Pump Using Model-Based Systems
Engineering

This example show you how to use a model-based systems engineering workflow to investigate
optimal insulin infusion pump design. Insulin pumps are medical devices used by people with
diabetes that mimic the human pancreas by delivering insulin continuously and delivering variable
amounts of insulin with food intake.

The purpose of an insulin pump wearable device is to keep the blood glucose level of the wearer near
a healthy set point by infusing insulin as needed and in response to food intake. This example shows a
proposed insulin infusion pump system with two sensor and three pump variants that represent
alternate design choices.

Begin by determining system requirements, then create detailed design models with code generation
and verification tests. Finally, simulate the system architecture model that meets the evolving
requirements.

Insulin Pump System Architecture Model

This figure shows the System Composer™ architecture model for the insulin pump system. This
example uses Stateflow® blocks. If you do not have a Stateflow license, you can open and simulate
the model but can only make basic changes, such as modifying block parameters.

systemcomposer.openModel ("InsulinInfusionPumpSystem");

The BGSensor component measures the blood glucose level. The Controller component makes a
decision about insulin rate. The Pump component provides insulin to the body using the
InfusionSet. The Patient recieves the treatment. The BGMeter calibrates the BGSensor. Finally,
the HID (human interface device) component may be a mobile app on the phone for the patient to
communicate with the system. The HID provides information the the PatientDataServer
component, which sends analyses to the Clinician, Regulator, and Reimburser components.
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System Requirements and Links

Use Requirements Toolbox™ to analyze the system requirements, further break them down into
subsystem requirements, and link derived requirements to architectural components that satisfy
them. A Requirements Toolbox license is required to link, trace, and manage requirements in System
Composer.

Manage requirements and architecture together in the Requirements Perspective from Requirements
Toolbox. Select Apps > Requirements Manager. To edit requirements, select Requirements >
Requirements Editor or enter these commands to open the Requirements Editor (Requirements
Toolbox).

slreq.open("Infusion Pump System");

slreq.open("Insulin Pump Controller Software Specification");
slreq.editor
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b ﬁl Infusion_Pump_System

E 1 #1 Sense blood glucose
E 2 #3 Status view
v E 3 #7 Deliver insulin

E #12 |Basal rate

#13 Bolus delivery

B #14  Overide
v E 4 #B Alarm monitor
B  #15  Sensor needs calibration
E  #16 |Sensor life expiring
E  #17 | Low battery
E #23 | Communication faults
E #27 Running out of medication
E #28 | Pump failure
E s #10 Remote patient monitoring
E s #11 | Population monitoring

b ﬁl Insulin_Pump_Controller_Software_Spedification
E 1 #1 Basic Theory of Operation

v E 2 #2 Functional Requirements
E #3 Startup
E =8 Basal infusion
E | #o Bolus infusion
E #24 | Alarm handling

The requirements decomposition and analysis at this point represent these concerns:

» Accuracy of delivery

* Mitigations against over-infusion, which leads to dangerously low blood glucose levels

+ Fault analysis to prevent negative outcomes, for example, when the battery is depleted or the
device runs out of medication

On the architecture model, select the requirements icon to see the requirements that are associated
with the component. For example, below are the requirements linked to the Pump component.
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B PumpCommand

|

=

PumpStatus [~

— Insulin =

X

Status

E Basal rate Show
E Bolus delivery Show
E Pump Show
E Pump failure Show
E Pump comm fault Show
E Infusion set occlusion  Show
E Deliver insulin Show

Conversely, select a requirement to see the highlighted component by which the requirement is
implemented. For example, the BGSensor component implements the Sense blood glucose

requirement.

| InsulininfusionPumpSystem Jrisicd
® InsuIinlnfusionPumpSystem 14 hd

b “
Q c

D
EH w
] v F)
- BGSensor

SensorB
= SensorReading [
|
—SensorData [
L J
o |0 nm v
< >
P X

Requirements - InsulinInfusionPumpSystem

View:

E|OE| |

Requirements ~

& | &

hd |h| Infusion_Pump_System

> B 1 #1 Sense blood glucose

> E 2 #3 Status view

> E 3 #7 Deliver insulin

> E 4 #8 Alarm monitor
E s #10 Remote patient monitoring
E s #11 Population monitoring

Property Inspector 2
Requirement: #1

Details

¥ Properties

Type: Functional &
Index: 1

Custom ID: |::1 |

Summary: |5enge blood glucose |

Description Rationale

@ [ o <]® 7 UM

Blood glucose shall be periodically measured and
provided to other system components

»

Keywords:

P Revision information:

¥ Links

El ¢= Implemented by:
5 Besensor
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Outcome Analysis for Optimal Design Choice

Outcome analysis consists of a trade study where the goal is to maximize the business value of the
design options based on calculations that sum up different component properties with weighting
factors. Many are directly entered properties, such as non-recurring engineering (NRE) costs to
develop the component. Compliance score, however, is a derived property that is based on different
data for each type of component. These properties model the burden to an end user of the system.
The compliance score includes these considerations:

* Energy consumption

* Size and weight

* Accuracy

e Mean time between failures (MTBF)

* Sound level produced during operation

* Ease of use
Navigate to Modeling > Profiles > Profile Editor, or enter this command.
systemcomposer.profile.editor

A System Composer profile, defined in the Profile Editor, is composed of stereotypes with properties
defined. You can apply stereotypes to components in the model to assign specific property values to
each component.

Profile |_',_1|:l_, New Profile —j Open | | ol Save |« Stereotype EE} New Stereotype 2,@ Import into | Select |« @
Profile Browser Sterectype Properties
Filter profiles: | <all> - Name: |DurabIeCUmponent |
Applies to: | Component - O Icon &
~ [ InsulinSystemProfile
0O Arch Base stereotype: | <nothing> -
O BGMeter
O DurableComponent L] Abstract stereotype
0O Pump
Description:
O Sensor pe |

» Default Stereotypes for Composition

ar| % v

Property name Type Mame Unit Default
1 UnitCost double ML $ ]
2 NRE double T |n/fa $ 0
3 Size double ¥ |n/a g 250
4 EnergyConsumption double T|n/a mW 2
5 ComplianceScore double ~In/a 0
6 Vendor string T Infa n/a
7 MTBF double T |nfa hour 0
8 Precision double M E] 0
9 Tolerance double T |n/a 0

[ show inherited properties (read-only)

The pump and sensor trade study includes these steps:

1 Collect all variant combinations.
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Activate variants one by one to represent all the combinations.

Iterate over the model to calculate compliance and compute the outcome using the stored and
calculated parameters.

Collect outcomes and weight them using the same units.
5 Provide the optimized option.

A Variant Component block named BGSensor contains two different sensor variants representing
example sensors from different manufacturers.

- 4 BGSensor ik
® | insulininfusionPumpsSystem P [ |BGSensor P hd
@ 3

3
3] 3

[<] | BGSensor (Variant)

........

EIE W6 |

Sensorh
SensorReading
(|
2
]
&
o
SensorB D

SensorData
SensorReading b

IE SensorData [
&« | i

The Variant Component block named Pump contains three different pumps in this example called
PeristalticPump, SyringePump, and PatchPump.

9-28



Design Insulin Infusion Pump Using Model-Based Systems Engineering

W Pump

@® |4

(23] InsulininfusionPumpsSystem * [ | Pump *

Pump (Variant)

A e

PeristalticPump O

EIE e

SyringePump D

PumpStatus =
PumpCommand b PumpCommand
Insulin (=
PatchPump O

= &

& | &b

PumpStatus

neulin

To programmatically cycle between the different variant choice combinations, calculate compliance,

and monitor the outcome to determine the optimal design choice, run OutcomeAnalysis.m. For
more information on variant analysis, see “Analysis Function Constructs” on page 9-9.

run("OutcomeAnalysis.m")
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Met outcome

Mormalized units
=

The normalized outcome score is at a maximum for the SensorA + SyringePump combination. This
design choice is optimal for the insulin pump.

Controller Implementation Model

Implement the insulin infusion pump controller in Simulink®. The input ports in this implementation
include User input, with user metrics that the insulin pump reads, and Hardware status, with
information about the insulin pump. The block named ModeControl deteremines in which mode the

insulin pump must operate.
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[UBOL]
<UsarBolus> /_ case | BASAL | b——
- - [CHO]
=MealSize> *, case [ BOLUS |:
L1 > <Command> #{ Command Moda P ut
v
User input iy case [ ALARM |:
e [BOLO]
=BolusOverride> \
default:
=l0BOverrida= [10BO]

2 HWStalus doCalec fb———  p¢  [doCalc]
Hardware status

ModeControl

The block named ModeControl contains a Stateflow chart with details on how to select the mode.
The three modes include:

Alarm mode, where the system is be suspended, repaired, and restarted once clear
* Bolus delivery mode to deliver insulin quickly with food intake

Basal delivery mode to deliver insulin over a longer period of time to keep glucose levels steady
throughout the day

function status = alarm_state]

Off
en: mode = modes.OFF; [cmd == cmds. PCWERON]
. b
\\ On ~

[emd == emds POWEF&P[k ]

Infusing h
an’ doCale = falsa;

Armed [emd == emds. START]
en: mode = modes ARM

[emd == emds.STOP]

2

y
Basal
en: mode = modes.BASAL; [emd == emds.BOLUSREQ)

‘alarm_state() == false] S T \

1 [after(bolus_duration, seti—

\

Alarm

Balus
en: mode = modes. ALARM; | [ Tl ==

en mode = madas BOLLS;
en: doCalc = true;
du doCale = falze;

After the mode is selected, this component behavior determines the insulin rate for the outport.

9-31



9 Analyze Architecture Model

h

A

feadback

Glucose1

Case | BASAL |-

Basal rate b—p

r

Glucose

Glucose2

doCalc)

[UBOL]

[CHO]

[BOLO]

[10BO)

aaes

12:34 »
m

daCalc

Maal size

Bolus ave

Usar bolus

108 avarride

case [ BOLUS |

Basal delivery

Bolus rale

rrice

Bolus delivery
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casa | ALARM |:
Rate
Alarm
Y
default: { }
Fale
Idle

Verification and Validation Using Test Manager

You can use model-based design to verify architectural designs and system requirements. The

rale

Insulin rate

abstract architecture model and the detailed Simulink design model are connected with traceable
requirement links. This section requires a Simulink® Test™ license.

The Controller implementation model in Simulink demonstrates requirements traceability for the

Alarm handling requirement.
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Controller i
[*a] controller » -
. A
& #24: Alarm handling
E3 - IMPLEMENTS
— case [ BASALF
case [ BOLUS ]
& Mode P ui
O] case [ ALARM J:
(i
default:
E =
= nm v
¢ »
P X

Requirements - Controller

view: [Reauremens | %58 || =] =] (4] %] @]

| @ | Search

A |h| Insulin_Pump_Controller_Software_Specification

E 1 #1 Basic Theory of Operation
B unctional Requirements
v B 2 2 F I Req
» E 21 #3 Startup
» B 22 #3 Basal infusion
» B 23 #9 Bolus infusian
> B 24 #24 Alarm handling

Load and view the Test Manager (Simulink Test) using these commands.

sltest.testmanager.load("Controller Tests.mldatx");
sltest.testmanager.view

The Alarm Detection functional test verifies the Alarm handling requirement.
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Results and Artifacts |

|Filtertests by name or tags, e.g. tags: t
~ =] Controller_Tests
=[] Functional_Tests
[£] Alarm_Detection
[£] Alarm_Clearing
= [ SIL_Tests
[E] Alarm_Detection
[E] Alarm_Clearing
= [} Equivalence_Tests
[E] Alarm_Handling

FROPERTY VALUE
Name [£] Alarm_Detection
Type Baseline Test

Maodel Controller

Controller_HW_A.
[Model Settings]

Harness Name
Simulation Mode

Location CUsers\akhani...
Enabled s
Harness: Controller_HW_AIarms_tesl A Sl |
Hierarchy Controller_Tests
Tags ¥ SIMULATION SETTINGS AND RELEASE OVERRIDES

|Z| Alarm_Detection

Alarm_Detection +| Enabled

Controller_Tests » Functional _Tests » Alarm_Detection

Baseline Test
Create Test Case from External File
» TAGS
» DESCRIFTION
~ REQUIREMENTS*

Hardware alarms ~

Alarm action

Alarm handling

o Add - Delete

* SYSTEM UNDER TEST®

mRAC

Model: | Controller

= TEST HARNESS™

Click the ® icon to the right of the Harness box to open the test harness. In this example, the block
named Controller is isolated for unit testing using a test harness. For more information on creating
a test harness, see “Create Test Harnesses and Select Properties” (Simulink Test).

Controller HW_Alarms_test Jraizz)
® Controller HW_Alarms_test P -
=1 HardwareStatus_A B—D
1
O o2

> ¥ Uszer input Gontroller 3
1
» gy i »
2 > ] status Insulin rate —’ﬂaheh >
3
> >
Signal spec. Test Assessment Block
Test Sequence Signal spec and routing
and routing
» ||
[[] |

Double-click the Test Sequence block to view the steps in the test sequence. The steps define a
scenario to verify the functioning of the alarm system.

9-34



Design Insulin Infusion Pump Using Model-Based Systems Engineering

Symbols || Scenarios
Input
Output

1. |5 Userinput

2. (i) HardwareStatus

3. |54 Glucose2

Local
Constant
Parameter

Data Store Memory

Step Hierarchy

Run

startup
Infuse
BatteryFault
clear1
restarti
OutOfinsulin
clear2
restart2
Qcclusion

Step Transition

Run 1. true

%% Initialize data outputs.
Userinput.Command = cmds. POWEROFF;
Userinput.MealSize = 0
Userinput.UserBolus = 0;
Userinput.BolusOverride = false;
Userinput.|OBCOverride = false;
HardwareStatus.BatteryFault = false;
HardwareStatus LowReservoir = false;
HardwareStatus.LineBlockage = false;
Glucose2 = 0;

startup 1. after(10,sec)
Userinput.Command = cmds. POWERON;

Infuse 1. after(10,sec)
Userinput.Command = cmds.START

Glucose? = 10;

BatteryFauit 1. after(5,sec)
HardwareStatus. BatteryFault = true;

clear1 1. true
HardwareStatus.BatteryFault = false;

restart1 1. after(5,5ec)
Userlnput. Command = cmds. START,

OutOfinsulin 1. aﬂe[(‘]@lsecj
HardwareStatus.LowReservoir = frue;

clear2 1. true
HardwareStatus. LowReservoir = false;

restart2 1. after(5,5ec)
Userinput Command = cmds. START;

Occlusion
HardwareStatus.LineBlockage = true;

Next Step
startup

Infuse

BatteryFault

cleari

restart1

OutOfinsulin

clear2

restart2

Occlusion

Description

To run this test, go back into the Test Manager (Simulink Test).

sltest.testmanager.view

Right-click the test Alarm_Detection in the Test Browser and select Run. In the Results and
Artifacts section, view your test results. A passing test indicates that the system requirement Alarm
handling is verified by the conditions defined in the Test Assessment Block:

*  Whether the alarm disables insulin delivery when there is low battery, occlusion (line blockage), or
low medication (insulin)

*  Whether the system restarts after the issue has passed

See Also
systemcomposer.profile.editor |slreq.editor|sltest.testmanager.view
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“Manage Requirements” on page 2-8

“Compose Architectures Visually” on page 1-2

“Analysis Function Constructs” on page 9-9

“Simulate Mobile Robot with System Composer Workflow” on page 5-20
“Calculate Endurance Using Quadcopter Architectural Design” on page 9-16
“Model-Based Systems Engineering for Space-Based Applications” on page 1-38
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* “Author Software Architectures” on page 10-2

+ “Simulate and Deploy Software Architectures” on page 10-8

* “Modeling Software Architecture of Throttle Position Control System” on page 10-14

* “Class Diagram View of Software Architectures” on page 10-20
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» “Author Service Interfaces for Client-Server Communication” on page 10-41

* “Service-Oriented Sensor Modeling” on page 10-45

* “Simulate Asynchronous Services for Vehicle Headlight Management” on page 10-53
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Author Software Architectures

Software architectures in System Composer provide capabilities to author software architecture
models composed of software components, ports, and interfaces. Use System Composer to design
your software architecture model, simulate your design in the architecture level, and generate code.

Use software architectures to link your Simulink export-function, rate-based, or JMAAB models to
components in your architecture model to simulate and generate code.

Create New Software Architecture Model

The workflow for authoring software architecture models is similar to authoring system architectures.
Start with a blank software architecture template to model.

You can create a software architecture programmatically by using the function.

systemcomposer.createModel("mySoftwareArchitectureDesign","SoftwareArchitecture")

where mySoftwareArchitectureDesign is the name of the new model.

You can also use the provided template in the Simulink start page.

Select Software Architecture Model.

Examples

— Ko o ke E

Recent a

¥ Statefiow

Projects
v System f.:SmpDS-E:’
B From Source Conbrol =

Learn == =

Ba Simulnk Onramp Create Model

Cp Statefiow Onramp ]

Jh

M Control Desig with Simulink
g% Conlrol Design Onramp with Simulink Architecture Mode Software Architecture Mol "

¥ LAV Toclbox Support Package for PXd Autopilols
» Vehicle Dynamics Blockset
» Vision HDL Toolbox

» Wireless HOL ToolDox

Use a System Composer Architecture Model to describe systems as a combination of structural
elements with underlying behavioral descriptions. Use a Software Architecture Model to easily
define the execution order of your functions from your components, simulate your design in the
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architecture level, and generate code by linking your Simulink export-function, rate-based, or JMAAB
models to components.

For more information about architecture models, see “Compose Architectures Visually” on page 1-2.

From a Simulink model or a System Composer architecture model, on the Simulation tab, select

New LLIJ and then select Architecture lﬁ_gﬁ Then, select Software Architecture Model.

System Composer opens a new empty software architecture model. Observe the icon on the upper
left corner that distinguishes the empty model from a system architecture.

5 mySottwarearchitectureDesign * - o b4
Gy = — = = — — — i : i Ak Sicp Tene
: i il &= - Lf) (L] =) o =
' [ o st e 8 AL L H
- nterface myport Lpphy wofvare Raferwnce Yarien Architectune  Anshysic Model  llocation  Uipdate
i!i = Egnoe = Sterectypes Compang.. Compong., Compone Wibwet - Ediitor Mosdel =
EySaitmareArchitectrelesion v
: g
s o —————— ]
| mySoftwareArchitectureDesign !
& 3
o
]
=
-
L3
]
[+
Y
B
& Pl
ErterTaces
Beady 100 Feditepiscrete

When you model software architectures, you can:

* Use model-building and visualization tools provided by System Composer such as components,
connections, and ports. For more information, see “Compose Architectures Visually” on page 1-2.

* Define interfaces. For more information, see Interface Editor.

* Define profiles and stereotypes. For more information, see Profile Editor.

* Create custom views and sequence diagrams. For more information, see Architecture Views
Gallery.

* Use tools to write analysis. For more information, see Instantiate Architecture Model and
Analysis Viewer.

* Create allocations. For more information, see Allocation Editor.
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* Define parameters. For more information, see Parameter Editor.
* Compare differences between two models. For more information, see Comparison Tool.

Build a Simple Software Architecture Model

1 Drag an empty component to the mySoftwareArchitectureDesign model.

mySoftwareArchitectureDesign

Component

2 Link this simple Simulink Export-Function model, export model software architecture to
your component by right-clicking the component and selecting Link to Model. For more
information about building this Simulink model, see “Create an Export-Function Model”.

......... - T e ;

1
function_call_10ms= i
[}
i

h J ¥
function() output_100ms functiont |
L | imput_ 10ms. output_10ms
Function-Call Function-Call
Bubsysten 1 Bubsysten 2

3 Connect component input port and output ports to architecture input ports and output ports.
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mySoftwareArchitectureDesign

Component

output_100ms
< export_model_software_architecture > pu msi{>

> Hllinput_10ms output_100ms > —+@loutput_100ms

input_10ms[p— > input 10ms| I S I
output 10ms b —4foutput_10ms
output_10msi b

In this example, you start from a blank template and create a simple software architecture model. To
learn how to simulate a software architecture model and generate code, see “Simulate and Deploy
Software Architectures” on page 10-8.

Import and Export Software Architectures

You can import a software architecture model using the systemcomposer.importModel function.

archModel = systemcomposer.importModel (modelName, importStruct)

If the domain field of importStructis "Software", the importModel function creates a new
software architecture based on the structure of the MATLAB tables.

To export a System Composer software architecture model, use the systemcomposer.exportModel
function.

exportedSet = systemcomposer.exportModel (modelName)

The exportModel function returns a structure containing MATLAB tables that contains
components, ports, connections, portInterfaces, requirementLinks, and a domain field
with value 'Software' to indicate that the exported architecture is a software architecture.

For more information on importing and exporting software architectures with functions, see “Import
and Export Functions of Software Architectures” on page 10-30.

Create Software Architecture from Architecture Model Component

You can also create a software architecture model from an existing component in a System Composer
architecture model.

To create a software architecture model from a component:

1 Select an existing component from your architecture model. In this example, we select
Component2.
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Architecture

Component1 Component2 O

2 To create a software architecture model from Component2, you can use any of these three
methods:

a  Right-click the component and select Create Software Architecture Model.
b  Select the component and, on the toolstrip, click Create Software Architecture Model.

SIMULATION DEBUG MODELING FORMAT APPS

- = aad 1 : e

= g B earc ""‘~| |3”E|

it - -

Us Inte!'face Import Apply ELABORATE -
51l Editor - Stereotypes
MANAGE DESIGN PROFILES %

: e Cra e

[ e | ek | Coe | oo

o - - i . i - — ’ ]
& | ® | @ Successfully imported architecture | % @ Q_"

= |
E @. Create Add Variant Link

o Stateflow. Choice to Mode

¢ To create a software architecture programmatically, use the createArchitectureModel
function.

3 Observe the software architecture model icon in the upper left corner. The new software
architecture contains all elements from the component, including previously applied stereotypes.
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omponent2

i [

The following elements are not supported if you create a software architecture from an existing
component:

» A reference component that references a system architecture.

* A component with Stateflow chart behavior.

» Adapter blocks with applied interface conversions. “Interface Adapter” on page 3-16 conversions
are removed when you create a software architecture from an existing component.

See Also
systemcomposer.createModel | createArchitectureModel | createSimulinkBehavior

More About

. “Compose Architectures Visually” on page 1-2

. “Create an Export-Function Model”

. “Class Diagram View of Software Architectures” on page 10-20

. “Modeling Software Architecture of Throttle Position Control System” on page 10-14
. “Simulate and Deploy Software Architectures” on page 10-8
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Simul

ate and Deploy Software Architectures

This example shows how to build a multi-component software architecture model with a rate-based
and export-function components, how to simulate your design at the architecture level, and how to
generate code.

Open the Software Architecture Model

After opening the example, open the model below. This software architecture model has two software
components: Export Function and Rate Based.

open_system('RateBasedExportFunctionSoftwareArchitectureModel')

In the software architecture model, the Export Function component is linked to a Simulink®
export-function behavior model, export model software architecture.

RateBasedExportFunctionSoftwareArchitectureModel

b= flinput_10ms

10-8

OutBus b
" - -
Export_Function o Rate_Based J£]
= export_model_software_architecture > ) < rate_based_model_softwars_architecturs =
autput_100ms = B In3 Cut? b —4OutBus
nput_10ms|J B input_10ms
output_10ms = B Ind Outd p> —4ff CutBus1
CuiBus1 [+ &=

In this Simulink behavior, two functions are modeled using Function-Call Subsystem blocks. The
inport blocks are connected to the function-call input ports and generate periodic function-call events
with sample times 10ms and 100ms. To learn how to model this behavior, see “Create an Export-
Function Model”.
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i i
function_call_100ms i function_call_10ms i
1
. :
k. 4 Y
functioni) output_100ms functioni}
. input_10ms output_10ms
Function-Call Function-Call
Subsystemn 1 Subsystem 2

If the inport blocks that are connected to the function-call input ports with sample time specified as
-1, meaning the functions are aperiodic, use a Simulink test model with explicit scheduling blocks
such as a Stateflow chart to simulate. For more information see Test Software Architecture on page
10-11.

The Rate Based component is linked to rate _based model software architecture asthe
Simulink behavior model. To learn how to create this rate-based model, see “Create A Rate-Based
Model”.

G o—— )

Subsystem with Rate 0.2

O D

Subsystem with Rate 0.4

Simulate the Model with Default Execution Order

Simulate the model. Observe that the Simulation Data Inspector displays the output from the Rate-
Based component.
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W Rate_Eased:1 MW Rate_Based:?

10 4 |
)
g I
]
e —~
i
4 -
)
21 =
]
o4 =
; '1 : 3 y ; : 7 : ; 10
Visualize and Edit Component Functions Using Functions Editor
Use the Functions Editor to edit simulation execution order of the functions in your software
architecture. You can also edit the sample time of the functions with inherited sample time (-1).
The Functions Editor is visible only when you model software architectures. To open the Functions
Editor, in the toolstrip on the Modeling tab, select Functions Editor.
Functions Editor =
Functions
T 4 & [] order functions by dependency
2 Export_Function_function_call_100ms Export_Function 0.1
1 Export_Function_function_call_10ms Export_Function 0.01
3 Rate_Based_D1 Rate_Based 0.2
4 Rate_Based_D2 Rate_Based 0.4

10-10

To edit the functions in your software architecture:
1 Open the Functions Editor. When you open the Functions Editor, the model will automatically
update, and the table will display the functions populated from your model.

2 Ifthere are changes in the software architecture model, the Update Model button becomes
yellow to signal that an update is required to refresh your functions table.

3 To arrange the execution order of the functions, use the up and down arrows or drag and drop
functions to sort them.

4 To edit sample times of the functions, specify their period in the table.
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To order functions based on their data dependencies, select the Order functions by dependency
check box. To enable sorting of functions based on dependencies, you can set this parameter.

set param('RateBasedExportFunctionSoftwareArchitectureModel', 'OrderFunctionsByDependency','on')
The default value for the parameter is of f.

Alternatively, you can use the systemcomposer.arch.Function object to get the functions
programmatically.

Test Software Architecture

You can test a software architecture model and simulate different execution orders of functions by
referencing it from a Model block in a Simulink test model with explicit scheduling blocks such as
Stateflow® Chart (Stateflow).

In this example, a Model block that references a software architecture model has a function-call input
port for each function in the architecture model.

To simulate the architecture model with a Stateflow chart periodic scheduler, connect the Stateflow
chart function-call outputs to the Model block function-call inputs.

4 ™ RateBazedExportFunctionSoftwarafnchitectureblodel
datat P input_10ms

CutBus »

i - =mmmeme e P Export_Functicn_function_call_100ms

(N,

tD M= M Export_Functicn_function_call_10ms C]
- M Rate_Based D1
COutBus1 p
f - - M Rate_Based D2
A
A A
Sequence Model

Deploy Software Architecture

You can generate code from the software architecture model for the functions of the export-function
and rate-based components.

To generate code, from the Apps tab, select Embedded Coder. On the C Code tab, select Generate
Code. The generated code contains an entry-point for each function of the component. For more
information, see “Generate Code for Export-Function Model”.

For the export-function component, it generated the two functions that correspond to the function-
call inport blocks inside the referenced export-function model.
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vold Export_Function_function_call_lems{vocid)
/* Explicit Task: Export_Function_functiom_call_iems */
S

/* RoctInportFunctionCallGenerator generated from: “<Root»/Export_Functicon_function_call_lems' */

/* ModelReference: "«<Root»/Export_Function' incorporates:
* Inport: '<Root>/input_lems’
y
export_model_software_architecture_function_call_ileéms(&Export_Function,
&RateBasedExportFunctionseftwarearchitectureModel_U. input_lems,
&RateBasedExportFunctionsoftwarearchitectureModel_B.Export_Function_o2);

f* End of outputs for RootInportFunctionCallGenerator generated from: '<Root»/Export_Function_function_call_iems' */

/* Model step function for TID2 */
void Export_Function_function_call_leéms{woid)
/* Explicit Task: Export_runction_fumctiom_call_ieems */
S

/* RoctInportFunctionCallGenerator generated from: ‘<Root>/Export_Functicon_function_call_ieems' */

/* ModelReference: "«<Root»/Export_Function' incorporates:
* Inport: '<Root>/input_lems’
y
export_model_software_architecture_function_call_leeéms(&Export_Function,
&rateBasedExportFunctionsoftwarearchitectureModel_B.Export_Function_ol};

f* End of outputs for RootInportFunctionCallGenerator generated from: '<Root»/Export_Function_function_call_ieeéms® */

Observe that, each rate-based component has separate entry point functions that correspond to each
sample time in the referenced rate based model.
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void Rate_Based_D1{wvoid) /* Explicit Task: Rate_Based D1 =/

{* RoctInportFunctionCallGenerator generated from: ‘«<Root»/Rate_Based D1 */

/* ModelReference: "<Root:»/Rate_Based' incorporates:
* Qutport: '<Root»fOutBus'
* pgutport: '<Root:>/fOoutBusl’

%

rate_based_model_software_j

{&RateBasedExportFunctionSoftwareArchitectureModel _B.Export_Function_ci,

&RateBasedexportFunctionsoftwareArchitectureModel ¥.QutBus});

/¥ End of outputs for RootImportFunctionCallGenerator generated from: "<Root:/Rate_Based D1' */f

/¥ Model step function for TIDG */
void Rate_Based_D2({wvoid) /* Explicit Task: Rate_Based D2 =/

=l 1

{* RoctInportFunctionCallGenerator generated from: ‘«<Root»/Rate_Based_D2' */

/* ModelReference: "<Root:»/Rate_Based' incorporates:
* Qutport: '<Root»fOutBus'
* pgutport: '<Root:>/fOoutBusl’

%

rate_based_model_softwar_Jja

{&RateBasedExportFunctionSoftwareArchitectureModel _B.Export_Function_c2,

&RateBasedExportrunctionsoftwarearchitectureModel Y. 0utBusl);

/¥ End of outputs for RootImportFunctionCallGenerator generated from: "<Root:»/Rate_Based D2' */f

See Also
systemcomposer.createModel | createArchitectureModel | createSimulinkBehavior |
increaseExecutionOrder | decreaseExecutionOrder

More About

L]

L]

“Author Software Architectures” on page 10-2

“Compose Architectures Visually” on page 1-2

“Create an Export-Function Model”

“Create A Rate-Based Model”

“Class Diagram View of Software Architectures” on page 10-20

“Modeling Software Architecture of Throttle Position Control System” on page 10-14
“Software Component Modeling”
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Modeling Software Architecture of Throttle Position Control
System

This example shows how to author the software architecture of a throttle position control system in
System Composer™, schedule and simulate the execution order of the functions from its components,
and generate code.

Throttle Control Composition

In this example, the software architecture of a throttle position control system is modeled in System
Composer using six components. The throttle position control component reads the throttle and pedal
positions and outputs the new throttle position. Two throttle position sensor components provide the
current position of the throttle, and a pedal position sensor component provides the applied pedal
position. A controller component uses these signals to determine the new throttle position as a
percent value. An actuator component then converts the percent value to the appropriate value for
the hardware.

model = systemcomposer.openModel('ThrottleControlComposition');

ThrottleControlComposition

Throttle Position Control System

b MIAFP_HwiO Value

TPS_Secondary >y
< ThiotllePositionSensar >
TPS_HwiO_Vaiue 1B TPS_HWIO_Valus  TPS_Percent_Valus [t
TP_Menitor %
< ThratlleP -
TPS_Primary 3 hrottiePasitonMonitor
< ThrotllePositionSensar >
b TPS_Secondary_Valua
TPS_Percent_Valua I
b TPS_HWIO Velus  TPS_HWIO_ValusBb— > TPS_HWIO_Valus  TPS_Percant_Valus It I+ TPS_Primary_Valus ThCmd_HwlO_Value B>
L Centroller Actuator >y
APP_Sensor < ThrottieCantraller >

< ThrottiePositionActuator >
< AccelerationPedalPositionSensar >

I TPS_Percent_Value

ThrGmd_Percent_Value [+ B ThGmd_Percent_Value ThrCmd_HwIO_Value &> —@ThiCmd_HwIO_Value
APP_HwIO_Valuelb—( APP_HwIO_ Value  APP_Percent Value &> I APP_Percent Value

b TPS_HWIO_Value1

Capyright 2020 The MathWorks, Inc.

Simulate the Model at the Architecture Level

Simulate the software architecture model.

sim('ThrottleControlComposition');

To view the list of functions from the components and edit their properties, such as execution order,
use the Functions Editor. To open the Functions Editor, on the Modeling tab, in the Design section,
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click Functions Editor. For more information about the Functions Editor, see “Simulate and Deploy
Software Architectures” on page 10-8.

Funictions

+ 4 & [] Order functions by dependency

1 Actuator_output_Sms Actuator -1

2 Controller_run_5ms Controller 0.005
3 TPS_Primary_read_5Sms TPS_Primary 0.005
4 TPS_Secondary_read_Sms TP5_Secondary 0.005
5 TP_Monitor_D1 TP_Monitor 0.005
& APP_Sensor_read_10ms APP_Sensor 0.01

Simulate the Model at the System Level

To simulate the throttle control system with the throttle body, use a Model block to reference the
software architecture model in the system model. The ThrottleControlSystem model also
contains a Stateflow® Chart block to model a more complex scheduling of the functions of the
software architecture.

A Stateflow license is required for this functionality.

open_system('ThrottleControlSystem');
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Schedule Functions of a Software Architecture with Stateflow

itleControlComposition

Step Input

Base Rate

-

basa_rate_Sme{) -\
APP_read_10ms{)

Padal Pogition Input

APP_Huwlo VAR

A

A

TPS_HwlO_Value

TPS_HwlO_Value1

A

.

) APP_Saensor_read_ 10

Acfustor_cutput_ Sms{)

P Actuator_output_Sms

Controller_run_Sme()

Controller_run_5ms

A

Biimary_read Sms{)

# TPS_Primary_read_Sms

Befordary_read_Sms({)

-4

TPS_Secondary_read_Sms

b

TP_Monitor_select Sms{)

A

Scheduler

——{TPS1ADC
TPS Sansor In

— TPS2 ADC

TP onitor_ D1

ThrCmd_HwlO_Value F—

Convert TPS tio ADC Range

Throttle_Position
Throttle Pos -

PAVIA -

Throttle Body

Copyright 2020-2021 The MathWaorks, Inc.

To simulate the system model containing the plant and Stateflow scheduler, use this command.

sim('ThrottleControlSystem');
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0.9 4

0.8 4

0.5 4

0.5

0.4

0.3 4

0.2

0.1 4

Throttle Pos  ® Pedal Position Input

0 02 06 0.8 12 15 18 21 24 27 30 33 25 Y

View the Types in the Software Architecture

To view the unique component types in the software architecture, create a class diagram view and
add all components. To create a class diagram view, on the Modeling tab, in the Views section, click
Architecture Views, then click New to create a new class diagram. Select Class Diagram from the
Diagram section in the Views Gallery. From the list, select Add Component Filter > Select All
Components to add all components in the software architecture to the view.

To populate methods in the class diagram, you must compile the software architecture model. To
compile the model, navigate to Modeling > Update Model.

For more information, see “Class Diagram View of Software Architectures” on page 10-20.
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View 1
Views »  View 1

B View 1

| ThrottlePositionMonitor |
_-Melhods
D1[0.005]

| AccelerationPedalPosition Sensor |
_.Melhods

read_10ms
ThrottleControlComposition
Methods [ . )
APP_Sensor_read_10ms -— | | ThrottlePositionActuator |
Actuator_output_Sms - Methods
Controller_run_Sms output_Sms
. -—
TPS_Primary_read_5ms
TPS_Secondary_read_5ms
TP_Monitor_D1 [
- - ThrottleController
| Methods
run_5ms
ThrottlePositionSensor |
Methods
read_Sms
% 7

View Configurations
FILTER GROUPING

[, Add ComponentFilter || |bE Add Port Filter |+

E( COMPONENT FILTER

Select All Components

Code Generation

You can generate code to deploy the control system to the target hardware. Code generation requires
an Embedded Coder® license. Open the ThrottleControlComposition model and execute the
slbuild command, or press Ctrl+B to build the model and generate code.

slbuild('ThrottleControlComposition');
The generated code contains an entry-point function for each function of the components in the

software architecture. For more information on code generation for export-function models, see
“Generate Code for Export-Function Model”
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* Model entry point functions */
extern woid ThrottleControlComposition_initialize({woid);
extern void ThrottleControlComposition_terminate(void);

f* Exported emtry point functiom *f
extern wvoid Actuator_output_Sms(void);

f* exported entry point function */f

extern void Comtroller_run_Sms(void);

* Exported entry point function */f

extern vold TPS_Primary_read_Sms(void);

¥ Exported entry point function */f

extern vold TPS_Secondary_read_Sms{void};

* Exported entry point function */f
extern void TP_Monitor_pi{void);

* Exported entry point function */f
extern wold APP_Sensor_read_lems(void);

Copyright 2020-2021 The MathWorks, Inc.

See Also
systemcomposer.createModel | createArchitectureModel | createSimulinkBehavior |
increaseExecutionOrder | decreaseExecutionOrder

More About

. “Author Software Architectures” on page 10-2
. “Simulate and Deploy Software Architectures” on page 10-8
. “Class Diagram View of Software Architectures” on page 10-20
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Class Diagram View of Software Architectures

Use class diagrams to display a graphical representation of the structure of a software architecture
model. You can also use spotlight views to analyze component dependencies and hierarchy, and you
can use component hierarchy views to visualize the component hierarchy as a tree diagram. For more
information, see “Create Spotlight Views” on page 11-2 and “Display Component Hierarchy and
Architecture Hierarchy Using Views” on page 11-21.

A class diagram is a graphical representation of a static structural model that displays unique
architecture types of the software components optionally with software methods and properties.

Class diagrams capture one instance of each referenced model and show relationships between them.
Any component diagram view can be optionally represented as a class diagram for a software
architecture model.

Software Architecture with Class Diagram View

This example uses a software architecture model with functions, stereotypes, and properties to
explore class diagrams in the Architecture Views Gallery. Open the model to follow the steps in this
tutorial.

scCIassDiagram » hd

scClassDiagram

c3 "L
- _ c2 < mBotPeriodicExpFens1_classDiagram >
< mBotPeriodicDemo_classDiagram = < mBotPericdicDema_classDiagram =
OutBus3 [»
b+ InBus I

OutBus2 >
I bus I
OutBus >
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Interact with Class Diagram View

1 Simulate the model to compile it and populate functions. On the toolstrip, click Run.
Alternatively, update the model to compile it by navigating to Modeling > Update Model.

To open the Architecture Views Gallery, navigate to Modeling > Architecture Views.
From the View Browser, select the View 1 view.
To open the class diagram view, click Diagram > Class Diagram.



Class Diagram View of Software Architectures

B view 1
scClassDiagram ‘ mBotPeriodicExpFecns2_classDiagram
«Hardware» mBotPeriodicDemo_classDiagram l Methods

Mass: double (kg) =5 Fe e Function4
Version: string = "1.0" Mass: double (kg) = 5 Function5
isNew- boolean = false Version string = "1.0"

«Software» -

Latency: int16 (cm) = 10 ——~Software» [ - .
Methods Latency: int16 (cm) = 10 ‘ mBotPeriodicExpFcns1_classDiagram

C1_C_1_Function1 Methods «Hardware»

C1_C_1_Function2 C 1 Functiont @— « Mass: double (kg) =5

C1_C_1_Function3 C 1 Function? Version: string ="1.0"

C1_C_2 Function1 C_W_FunctlonS isNew: boolean = false

C1_C_2_Function2

C_2_Functiont
C1_C_2_Function3 C 2 Function2 Latency: int16 (cm) = 10

C1_C_3 Function4 C 2 Function3 Methods
C1_C_3 Function C 3 Functiond Function1
C2_C_1_Function1 C_3_Function5 Function2
C2_C_1_Function2 Function3
C2_C_1_Function3

C2_C_2 Function1
C2_C_2 Function2
C2_C_2_Function3

isNew: boolean = false

«Software»

C2_C_3 Function4
C2_C_3 Function5
C3_Function1
C3_Function2
C3_Function3

The class diagram consists of:

* A class box for each unique component type, including reference components.
* A class box as the root that corresponds to the root architecture of the top model.

* Composition connections between the types.

If there are multiple instances of the same type of component, for example, multiple components
that reference the same model across the model hierarchy, then the type of the component is still
represented as one unique box. The component will also relate to its parents and children via
multiple composition connections.

You can select Hide methods to simplify the output by removing software functions from the
diagram. Select Hide properties to hide information about stereotypes and property values
applied to the components.

=S| =
(| ool a{léll Hide methods
Component Component  Class Hide properties
Diagram Hierarchy  Diagram
DIAGRAM DISPLAY

Client-Server Interfaces in Class Diagram View

Class diagrams display service (client-server) interfaces. The diagram shows the service interface
classes and available services.
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In this example, a software architecture has two components that are connected with client and
server ports. The Interface Editor shows the interface assigned to the client and server ports.

model = systemcomposer.openModel("SoftwareArchitectureClientServer");

SoftwareArchitectureClientServer s
® SoftwareArchitectureCIientServer » v
& SoftwareArchitectureClientServer
E L
[«
-
Component1 %l Component2 ic
< mClientDemo1Withinterface > < mServerDe mo1Withinterface >
s client C) c. server
(=)
[ )
&)
o P
» .
Interfaces ® x
€] &) (@) @6 S T
Type Dimensions Units Complexity Min

~ @ dSWCompClientServerDemo.sidd

~ {» Servicelnterfaced

» y=fl(data)

r oy =12(u)

openViews (model)

This is the class diagram view of the software architecture.

* The icon on the upper right of the component distinguishes the service interface class.

* The service interface class contains function prototypes as services.

* The diagram displays an aggregation connection for the client port.

* The diagram displays a composition connection for the server port.
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Bl servicelnterfaces

Servicelnterface

Services
y = fi{data)

Servicelnterface2

|Samvices
y = 10{u,v,w)
y =fu)
y = f2(u)
J mServerDemoi1Withinterface
SoftwareArchitectureClientServer . . Servicelnterface0
Methods ! |Services
Component1_callf1Port [ mClientDemo1Withinterface y = fi({data)
Component1_callf2Part | | y = 2{u)
Component3_callfi Port
See Also
More About
. “Author Software Architectures” on page 10-2
. “Simulate and Deploy Software Architectures” on page 10-8

. “Modeling Software Architecture of Throttle Position Control System” on page 10-14
. “Display Component Hierarchy and Architecture Hierarchy Using Views” on page 11-21
. “Author Service Interfaces for Client-Server Communication” on page 10-41
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Author and Extend Functions for Software Architectures

For inline components, you can author functions in the architecture level using the Functions Editor
or by using the addFunction function. You can then implement Simulink behaviors for your
authored functions.

For reference components, the functions are automatically created from the referenced behavior
Simulink models. For information, see “Simulate and Deploy Software Architectures” on page 10-8.

In this topic, we explain the workflow to create functions in the architecture level and describe how
to:

* Author and visualize functions.

» Implement behaviors for the functions.

* Import and export functions.

* Add custom properties to functions using stereotypes.

Author and Visualize Functions Using Functions Editor

You can author and visualize functions for your software architectures using the Functions Editor.
The Functions Editor is visible only when you model software architectures.

To open the Functions Editor, in the toolstrip, navigate to Modeling > Functions Editor. The
model automatically updates, and the table displays the functions of components in your model.

This example shows a software architecture with two components and the Functions Editor with an
empty table.
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MySoftwareArchitecture =
‘ MySoftwareArchitecture A
E3
B
Componenti Component2
OutBus L‘»-—p. InBus
(=]
O
(i
o ]

- >
Functions Editor -
Functions
EI E| [ Order functions by dependency
Execut 3-. Order Function Name Software Component Period
Mo data to display

To author functions and sort them based on the order of execution:

1 Add a function. Select Componentl as the parent. Use the same steps to add a function for
Component2.
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MySoftwareArchitecture ==
“ { MySoftwareArchitecture 8
£
B
Componenti Component2
OutBus >)——{1> InBus
(&=
0
-

B e .
A >
Functions Editor = -

Functions

EI [] Order functions by dependency
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Add a function to a software component i Function Name Software Component Period
1 Componentl_Function Componentl -1
2 Component2_Function Component2 -1
2 Arrange the execution order of the functions by using the up and down arrows or clicking and

dragging functions to sort them.

Functions Editor

Functions

(] [=])p ] [¥]

| & | [] order functions by dependency

You can change the name of these functions by modifying the name in the table. Change the
name of the first function to myFunction.




Author and Extend Functions for Software Architectures

Functions Editor (0]
Functions
R Nk & (] order functions by dependency

1 [y Funciion Ji | Component1 1

2 Component2_Function Component2 1

4 You can edit sample times of these functions by specifying their period in the table. Change the
period of the first function to 1.

Functions Editor @
Functions
& — N é (] Order functions by dependency

1 myFunction Componentl ‘

2 Component2_Function Component2

5 You can order functions automatically based on their data dependencies. This functionality is
available for functions from behavior models. To enable automatic sorting, select the Order
functions by dependency check box or enable OrderFunctionsByDependency on the
architecture model.

set_param('RateBasedExportFunctionSoftwareArchitectureModel', 'OrderFunctionsByDependency', 'on")

The default value for the parameter is off.

The Functions Editor visualizes the functions created at the architecture level and the functions
implemented in a Simulink model that is referenced by a component.

In this example, a third function is created in a Simulink behavior model, and the model is referenced
by a third component, Component3. The Software Component column of the table shows the
difference between functions created at the architecture level and functions created in a Simulink
behavior and referenced by a component.
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*

| MySoftwareArchitecture —
= - “
| [Z] MySoftwareArchitecture
E3l
[l Component1 Component2
D -
OutBus B (B InBus
B A
v, .
% 7
— 2 @
a b -
Component3
<rale_based model_software_architecture =
= |
B Ing_ B *_Outd b

i) J

I':'I W
2 e >
Functions Editor @ x
Functions

1
2
&

|:| Order functions by dependency
s

Execution Order Function Name
miyFunction
Component2_Function

Component3_D1

Software Component
Componentl

Componeni2
1 Component3

0.2
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Author Functions Programmatically

You can also author functions for your components using the addFunction function.

Use the addFunction function to add a set of functions to the software architecture component,
architecture with specified names functionNames.

addFunction(architecture, functionNames)

For more information, see addFunction.
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Implement Behaviors for Functions in the Architecture Level

You can create functions in the architecture level, and then implement behaviors for your functions.
* To implement functions using the toolstrip:

1
2

Under the Modeling tab, select Component, and select Create Simulink Behavior.
Select the Type of the Simulink behavior as rate-based or export-function.

Create Simulink behavior — O >

Create a Simulink behavior and, optionally,
export local interfaces to a new shared data dictionary.

Type Model Reference: Rate-Based -

MNew file name: |Componentl Browse...

From Simulink template:

Default

MNew data dictionary name:

Cancel Help

Alternatively, you can right-click a component and select Create Simulink Behavior.

You can also use the createSimulinkBehavior function to implement functions
programmatically. The function creates a new rate-based or export-function behavior and links the

software component to the new model. You can create rate-based or export-function behaviors
only for software architectures.

createSimulinkBehavior(component, "mySoftwareModel",BehaviorType="RateBased")

Apply Stereotypes to Functions of Software Architectures

You can extend software architecture functions by adding stereotypes containing custom properties.
These steps describe how to add stereotypes to your functions and are very similar to the steps to add

stereotypes to other architectural elements. For more information, see “Extend Architectural
Elements”.

1 Define your function stereotypes using the Profile Editor.
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Profile E,ﬂ, New Profile ',_j Open | | gl Save |*

Profile Browser

Filter profiles: | <all>

Stereotype EE} New Stereotype %

v &3 ProfileFunctionStereotype®
FunctionStereotype
O Stereotype

Stereotype Properties

Import into | Select |

Name: | FunctionStereotype

Applies to: |Function

<all>
Base stereo Component
Port

[] Abstract | Connector
Interface

Description

2 Use the Functions Editor to select functions in your software component, apply stereotypes,
view the stereotypes applied to your functions, and edit the stereotype property values.

In this example, you can specify the value for the FunctionValue property of the stereotype
called FunctionStereotype using the Property Inspector.

mySoftwareArchitecture g=n  Property Inspector @ x
] ” Function
& ~ Main
El D Name Component_Functionl
. Component Stereotype Add.. -
[ “ FunctionStereotype Select -
D FunctionWalue /]
i
v
2 >
Functions Editor w
Functions
| | == & (] order functions by dependency
1 Component_Functionl  Component -1

Import and Export Functions of Software Architectures

You can import and export functions of your software architectures.

* Use the systemcomposer.exportModel function to output a functions field that contains a
table with information such as the name, execution order, parent component ID, period, and

stereotypes of a function.
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This example shows how to export a software architecture model mySoftwareArchitecture.
The exportedSet output has the functions field that contains the table with function

information.

exportedSet = systemcomposer.exportModel('MySoftwareArchitecture')

exportedSet

struct with fields:

components:
ports:
connections:
portInterfaces:
requirementLinks:
domain:
functions:

[4x5 table]
[6x4 table]
[3x5 table]
[0x9 table]
[0x15 table]
'Software'
[3x4 table]

>> exportedSet.functions

ans =
3x4 table
Name ExecutionOrder CompID Period
"myFunction" uqn nqn
"Component2 Function" n" o
“Component3 D1" "3" "0.2"

Use the systemcomposer.importModel function to import a model with functions where the
importStruct argument can have a functions field that contains function information.

See Also

More About

“Author Software Architectures” on page 10-2

“Simulate and Deploy Software Architectures” on page 10-8

“Modeling Software Architecture of Throttle Position Control System” on page 10-14

“Display Component Hierarchy and Architecture Hierarchy Using Views” on page 11-21
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Merge Message Lines Using Adapter Block

This example shows how to use a Merge block to route messages between software components in a
software architecture. A Merge block is an Adapter block preconfigured to merge message and signal
lines.

Open the model.

systemcomposer.openModel ( 'MergeMessagesfromSoftwareComponents');

In this model, message-based communication is constructed between three software components: two

send components, Componentl and Component?2 create messages and send them to a receive
component, Component3.

Component1 -pa
< swilargeSand] =

Out? [
Component3 {ba

= swidargeHecaive =

I e b InBls

Component2 -Da
< swiargeSend?2 =

Ot [

A FIFO queue is used as a message buffer between the components.

Componentl is linked to the Simulink® behavior model swMergeSend1 that generates messages
with value 1 in every 0.1 sample time.

1 = (D)

Send1

Component? is linked to the Simulink behavior swMergeSend2 that generates messages with value
2 inevery 0.3 sample time.

2 » < >

Sand2
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Component3 is linked to the Simulink behavior swMergeReceive that receives messages and
converts them to signals. The In Bus Element port block is used to configure the queue outside the
component as a FIFO queue of capacity 100.

J

InBus ff—— @

Y

Simulate the model. Observe that the Scope block in swMergeReceive displays the values received
from both components.

# Scope - [MergeMessagesfromSoftwareComponents] — O >

File Tools View Simulation Help u

8- B80® P o A-E- £ A

Ready Sample bazed T=10.000

See Also
Adapter | Send | Receive

More About
. “Author Software Architectures” on page 10-2
. “Simulate and Deploy Software Architectures” on page 10-8

. “Merge Message Lines for Architectures Using Adapter Block” on page 7-29
. “Merge Message Lines Using a Message Merge Block”
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Authoring Functions for Software Components of an Adaptive
Cruise Control

10-34

This example shows how to design an adaptive cruise control system in System Composer™:

* Capture the system architecture in terms of constituent software components and functions.

» Indicate which functions are critical for maintaining the desired speed of the vehicle using custom
properties.

* Implement the behavior of the functions using Simulink.
Adaptive Cruise Control Architecture

An adaptive cruise control (ACC) system is a control system that modifies the speed of a vehicle in
response to conditions on the road. As in regular cruise control, the driver sets a desired speed for
the vehicle. Additionally, the adaptive cruise control system can slow the vehicle down if there is
another vehicle moving more slowly in the lane in front of it.

The ACC algorithm requires that the vehicle knows the curvature of the road, the relative distance,
and velocity of the lead vehicle immediately in front of it. For more information about the ACC
algorithm and the entire system, see “Adaptive Cruise Control with Sensor Fusion” (Automated
Driving Toolbox). The system software retrieves detections from a radar sensor and video from a
camera, which are fused by a sensor fusion component for more accurate detections. The detections
are provided to multi-object tracker to determine the relative distance and velocity of the lead
vehicle. These states and the longitudinal velocity of the vehicle are then provided to a controller
component to compute the acceleration to apply to the vehicle to maintain a safe distance.

Author Components and Interfaces

First, create the architecture of the adaptive cruise control software. To open a new software
architecture model, use this command.

systemcomposer.createModel ('ACCSoftwareCompositionScratch', 'SoftwareArchitecture', true);

The system is composed of a SensorFusion component, a MultiObjectTracking component, a
Controller component, and a TrackerLogging component for monitoring.
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7 ACCSoftwareComposition

Software Architecture of an Adaptive

b )4 Vision
Cruise Control System
b )@ Radar _Cnnlmllnr
SensorFusion
MultiObjectTracker Longitudinal Velocity —{ - Longitudinal Velocity
Vision b— > Vision Rel Distance t 1> Ral Distance Acceleration - —dfAcceleration
Detections & b Datsctions Acceleration B>
Rel Velocity & b Rel Velocity
Radarp—{ I~ Radar
Curvaturel—( > Curvature Trechs P
MIO Track =
b lLongitudinal Velocity
TrackerLogging
b= Tracks
b= MIO Track
b (4 Curvatura

Copyright 2021 The MathWorks, Inc.

Author Component Functions

To specify the functions that define the behavior of each component, open the Functions Editor. To
open the Functions Editor, on the Modeling tab, in the Design section, click Functions Editor. To
create the functions to implement the behavior of each component, select a component and use the
add button. For more information about authoring functions using the Functions Editor, see “Author
and Extend Functions for Software Architectures” on page 10-24.

You can modify the built-in function properties such as the name, period, or execution order. The
name and period properties can be modified by editing the corresponding cells in the table. You can
specify the execution order of functions in the Functions Editor by dragging functions into the desired
order or by selecting a function and clicking the up and down buttons.
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ACCSoftwareComposition i)
@ |F)accsoftwareComposition M
@ | |2 AccsoftwareComposition
& Software Architecture of an Adaptive
&= Cruise Control System
Lt ) 4fisk
Controller
E > [ Radar SensorFusion
Lol Longitusingl Veloci B—((> Lenghudnal Volosty
s p—{p von ot D (AN W —
| Dutacions > © Danctons aanB (e
- Fel Viially [+ - Rl Vadocity
CunsnssB—{p Cunahun =
I JflLos 4 MID Track [
TrackerLagging
T Tracka

) lcuran T M0 Track
- FSS——
» |
Functions Editor @
Functions
|- & Order functions by dependency

1 fuse_vision_and_radar SensorFusion 0.1

2 compute_rel_distance MultiObjectTracker 0.1

3 compute_rel_velodty MultiObjectTracker 0.1

4 compute_acceleration Controller 0.1

5 detections_to_tracks MultiObjectTracker 0.2

6 log_tracks TrackerLogging 0.2

Add Custom Properties to Functions

You can apply custom properties using System Composer profiles and stereotypes. Load the profile
ACCSoftwareProfile and import it into the composition. The profile constains three stereotypes.

* FunctionBase is a stereotype used as the base for all function stereotypes.

* CriticalFunction stereotype applies to functions that are critical in determining the output

acceleration.

* NonCriticalFunction stereotype applies to functions that are not critical in determining the

output acceleration.
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[l System Composer Profile Editor

Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models.

show more...
Profile EEL New Profile E Open | | |ql Save |« Stereotype EE} New Stereotype 23 Import into | Select |~ @
Profile Browser Stereotype Properties
Filter profiles: | <all> v Name: |FunctionBase |
o Applies to: | Function - | Stereotype applies to component functions in software architecture models
v [=] ACCSoftwareProfile
CriticalFunction Base stereotype: | <nothing> -
FunctionBase
NonCriticalFunction Abstract stereotype
Description: |
o) & v
Property name Type Name Unit Default
1 Author strina ¥ |n/a n/a
2 Complexity uint32 > |n/a

[ show inherited properties (read-only)

Add custom properties to a function by applying stereotypes from the loaded profile.

To open the Property Inspector, select Modeling > Design > Property Inspector.
In the Functions Editor, select fuse vision and radar.

In the Property Inspector, select Stereotype > Add
ACCSoftwareProfile.CriticalFunction to apply the stereotype.
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ACCSoftwareComposition % Property Inspector @ x
@ |FJaccsoftwareComposition ¥ A Function
& ] ACCSoftwareCompasition v Main
El Name compute_rel_velocity
) Software Architecture of an Adaptive Stereotype Add.. -
[ b Cruise Control System “ CriticalFunction Select -
Author TheMathWorks®
D Complexity 1}
Cantroller
E L3 L SensorFusion
MultiOtjectTracker Lenginsiog vskooty b 1= Losgluting Vabety
Vo —{P i Rl Dtanes b= T RalDislancss  Atcaiieation [-)—dhceinitio
Daiacsions & - Duteciisna [ .
Rl ey o sl Vel
Fackar{ 1 Riedar i
Curvuseb—{ = Curvium EEEEN b
TrackesLogging
D 1= Trachs
b M Tk
= =
IE_EI Cispysyfel L1 This M, I
» |
Functions Editor ® x
Functions
| |- & ‘Order functions by dependency
1 fuse_vision_and_radar SensorFusion 0.1
2 compute_rel_distance MultiObjectTracker 0.1
3 compute_rel_velodty MultiObjectTracker 0.1
4 compute_acceleration Controller 0.1
5 detections_to_tracks MultiDbjectTracker 0.2
3 Iog_tracks TrackerLogaging 0.2

10-38

Generate Code for Functions

slbuild('ACCSoftwareCompositionScratch');

This stereotype designates functions that are executed to determine the output acceleration. In the
ACC software architecture, all functions are critical to determining the acceleration except for the
functions defined in the TrackerLogging component.

Code for the adaptive cruise control system can be generated and deployed to the target hardware
using Embedded Coder®. To generate code, execute the slbuild command, or press Ctrl+B to
build the model.




Authoring Functions for Software Components of an Adaptive Cruise Control

ACCSoftwareComposition.cpp Q Search

#include "ACCSoftwareComposition.h"

f

i

i

i

i

/f Model step fumction for TID1
vold ACCSoftwareComposition::fuse_vision_and_radar() // Explicit Task: fuse_wvision_and_radar
/ RootInpertFunctionCallGenerator generated from: ‘<Root»/fuse_vision_and_radar'

ff Model step fumction for TID2

vold ACCSoftwareComposition::compute_rel_distance() // Explicit Task: compute_rel_distance
// RootInportFunctionCallcenerator generated from: "<Root:/compute_rel_distance'’

}.

/f mModel step fumction for TID3

vold ACCSoftwareComposition::compute_rel_welocity() // Explicit Task: compute_rel_wvelocity
/f RootInportFunctionCallcenerator generated from: “<Root:/compute_rel_welocity'

/f Model step fumction for TIDS

vold ACCSoftwareComposition::compute_acceleration() // Explicit Task: compute_acceleration
// RootInportFunctionCallcenerator generated from: "<Root:/compute_acceleration’

}.

f/ Model step fumction for TIDS

void ACCSoftwareComposition::detections_te tracks({) // Explicit Task: detections_to_tracks
/¢ RootInportFunctionCallcenerator generated from: “<Root:/detections_to tracks'

Since no component has a linked behavior, the generated code contains empty definitions for each
function in the software architecture.

Implement Behaviors for Functions

You can implement the behaviors for functions of a component in Simulink by creating a Simulink
behavior. Right-click the SensorFusion component and select Create Simulink Behavior, or
navigate to Modeling > Component > Create Simulink Behavior. To choose the type of the
Simulink behavior, for Type, select Model Reference: Export-Function or Model Reference:
Rate-Based. Click OK to create a SensorFusion export-function model linked to the
SensorFusion component.

For more information on using the export-function modeling style, see “Export-Function Models
Overview”.
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Create Simulink behavior

- | X
Create a Simulink behavior and, optionally,
export local interfaces to a new shared data dictionary.
Type Model Reference: Export-Function -
Mew file name: |SensorFusion Browse...

From Simulink template:

Default

New data dictionary name:

Cancel Help

The new model contains one inport block with a function-call output port,

fuse vision and radar, with a sample time of 0.1 seconds, as specified in the Functions Editor.

You can connect the output port to a function-call subsystem that models the behavior of that
function.

Copyright 2021 The MathWorks, Inc.
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Author Service Interfaces for Client-Server Communication

You can model client-server connections between software components in software architectures in
System Composer using client ports and server ports and associating service interfaces with these

ports.

To expose services performed by a software component, create a server port on that component. To
access those services from within another software component, create a client port on the second
component and connect the two ports. The ball and socket icons represent server and client ports,
respectively. You can also author client and server ports at the composition level, with client-server

lines crossing multiple hierarchies.

Sensor RTE

A service interface defines the functional interface between client and server components. Each

service interface consists of one or more function elements.

A function element describes the attributes of a function in a client-server interface.

Use the Interface Editor to author and edit service interfaces.

S-S & |~ B ~ || Searct Q| Dictionary View

()

Type Dimensions Units Complexity Asynchronous

* @ myModel.skx

v = Semviceinterface0

* y=10{u
u double 1 rea

double 1 rea

u double 1 rea

double 1 real

Interfaces ¥ X

Edit the function prototype on a function element to change the number and names of inputs and
outputs of the function. Edit function element properties as you would edit other interface element
properties. Function argument types can include built-in types as well as bus objects. You can specify

function elements to support:

* Synchronous execution — When the client calls the server, the function runs immediately and

returns the output arguments to the client.

* Asynchronous execution — When the client makes a request to call the server, the function is

executed asynchronously based on the priority order defined in the Functions Editor and

Schedule Editor and returns the output arguments to the client.

For asynchronous simulation, for the function element on the Interface Editor, select the

Asynchronous check box.
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Type Dimensions Units Complexity Asynchronous

double 1 rea
double 1 rea

double 1 rea

double 1 rea
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A function argument describes the attributes of an input or output argument in a function element.

You can set the properties of a function argument in the Interface Editor just as you would any
value type: Type, Dimensions, Units, Complexity, Minimum, Maximum, and Description.

Once you have defined a service interface in the Interface Editor, you can assign it to client and
server ports using the Property Inspector. You can also use the Property Inspector to assign
stereotypes to service interfaces.

To implement function behavior for components with client or server ports using referenced Simulink
models, right-click a component and select Create Simulink behavior, or use the
createSimulinkBehavior function. System Composer creates a new export-function model and
links the component to the new model.

For a component with a server port, the model contains a Function Element block and a port-scoped
Simulink Function block for each function element of the service interface associated with the server
port. The Simulink Function blocks are preconfigured with a function interface specification to match
each function element of the service interface. The Function Element block creates an exporting
function port in the Simulink model. The attributes of the port are based on the service interface
definition.

s

y = fofu)

.3: ServerPort . 0

scoped: ServerPort

i

y=Hu)

@) serverPort 11

scoped: ServerPort

To implement the desired algorithm for each server function, open the Simulink Function blocks and
add and connect the needed blocks and other modeling elements.

Synchronous Client-Server Simulink Behavior

For a component with a client port, the model contains a Function Element Call block and a Function-
Call Subsystem block containing a Function Caller block for each function element of the service
interface associated with the client port. The Function Caller blocks are preconfigured with a
Function prototype and argument specifications to match each function element of the service
interface. The Function Element Call block creates an invoking function port in the Simulink model.
The attributes of the port are based on the service interface definition.



Author Service Interfaces for Client-Server Communication

f()
function
N
function()
ClientPort.f0 @) y1 1p caller
(1 )>——»u clientPorto) yr————»( 1 )
function
SN
funiction()
ClientPort .1 @) ¥ 1p
caller
(1 >———»u ClientPorti1() y

Asynchronous Client-Server Simulink Behavior

You can model asynchronous execution if you select the Asynchronous check box on the Interface
Editor for your function element.

The export-function model for the Simulink behavior for the client model now has a Function Caller

block with a message output port consistent with the number of output arguments for the Simulink

Function.

» If there is one function output argument, the output argument becomes the message payload.

» If there is more than one function output argument, the Function Caller block bundles the output
arguments as a structure that becomes the message payload.

The Function Caller message output port is connected to a Message Triggered Subsystem that
processes messages.
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Server Client B
_< mSenverAsync > ! < mChentAsync >
N
PPort ® 3 RPort outt b —@outt
’
@ FPort. RequestBrakeLights "
Server - CGor— Client
ealiRequestBrakelightsPor

®

[y1.y2.y3] = ReguestBrakeLights(u)

' callRequestBrakelighls i l

. J \
; v
' \ 1 :@
\

RPort Rv«aws'.EI'_-ieLgh'.s "

\
r ‘. RequestBrakelghts Resp
RequestBrakeLights J s 1

(]

tunction

caller
——u RPort RequestBrakelightsl]) 1423 =—x==2{_1 )}

RequestBrakel ghts Caller

See Also

Function Element | Function Element Call | Simulink Function | Function Caller | Function-Call

Subsystem | Message Triggered Subsystem | addServiceInterface | setFunctionPrototype |
getFunctionArgument | setAsynchronous

Related Examples

. “Simulate Asynchronous Services for Vehicle Headlight Management” on page 10-53
. “Define Port Interfaces Between Components” on page 3-2

. “Call Simulink Functions in Other Models Using Function Ports”

. “Service-Oriented Sensor Modeling” on page 10-45

. “Software Component Modeling”

. “Author and Extend Functions for Software Architectures” on page 10-24
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Service-Oriented Sensor Modeling

This example shows how to use a service interface in a software architecture model to allow a
component to call services provided by specific instances of a referenced component.

Overview

In this example, the model slexServiceInterfaceExample consists of a controller component,
Controller, and two sensor components, Sensorl and Sensor2. The sensor components are
modeled as two different instances of the same referenced model, scSensorModelRef. The
referenced model defines two services: reset, which resets the sensor from drifting over time, and
fetchData, which reads the latest sensor values. A single service interface is specified between the
controller and the two sensor instances, which allows the controller to call reset or fetchData for
a specific instance of the referenced sensor component.

Open the model.

model = systemcomposer.openModel('scServiceInterfaceExample');

] scServicelnterfaceExample

P
Sensorl J;'-r.': Controller +
= grsensorMdiRel = < scControllerMdiRel =
' t sensoriDataf B
SengorCmd @
7 SensorlCmd sensorlData > i ==rmariDats
Sensor2 PEI
=i se3ensoatiRer = 7 Sensor2Crmd gengar2Data b —llsensar2Data
r 1
SensorCrd
TS0 l' >

Copyright 2022 The MatiWarks, Inc

Both instances of the referenced sensor model output a sine wave with different amplitudes. You can
view and specify the amplitudes in the Model Data Editor of the top model. To access the Model Data
Editor, go to the Modeling tab, and in the Design section, select Model Data Editor.

Model Data Editor @ x

Inports/Outports Signals Data Stores States Parameters

=

Design ~ | | =2 | | @ 5 || Filter contents
|53 Sensorl Amplitude 1
|53 Sensor2 Amplitude 2
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A Class Diagram View can be used to visualize the relationship between the controller and the
referenced sensor component. To open the Class Diagram View, go to the Modeling tab, and in the
Views section, select Architecture Views.

[l Class Diagram View

scServicelnterfaceExample
Methods
Controller_requestFetchDataPort1
Controller_requestFetchDataPort2
Controller_requestResetPortl
Controller_requestResetPort2

scSensorMdIRef

scControllerMdIRef
Methods

requestFetchDataPortl
®—— requestFetchDataPort2
requestResetPortl
requestResetPort2

Client-Server Ports

B data = fetchData()

o—

sensorCmd
Senvices

reset{resetData)

The controller component interacts with the sensor components using client-server ports. Function
calls to the services provided by the sensors and their responses are handled through these ports.
Each client-server port is mapped to the service interface sensorCmd, which defines the services.

[C]

(OF
ervicelnterfaceExample
3l
=l
Sensorl
= scSensorMdlRef =
&S]
Sensor2
< scSensorMd|Ref =
(@1
=
»
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scServicelnterfaceExample

>y Controller
| = scControllerMdIRef >

SensorCmd ®

| 2 5ensorlCmd

.

L .

2 5ensor2Cmd

SensorCmd @

Copyright 2022 The MathWorks, Inc.

=

sensorlData [» —d@sensor]

sensor2Data [ —dflsensord

Property Inspector

Port

Architecture

* Main
Name

Info

SensorlCmd

Open in Interface Editer edit ...

Stereotype

Add..
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Service Interface Specification

The service interface sensorCmd is defined through the Interface Editor. To access the Interface
Editor, go to the Modeling tab, and in the Design section, select Interface Editor. The service

interface sensorCmd is used across referenced models and stored in the data dictionary

slexServicelInterfaceExample.sldd. Note that sensorCmd contains two functions, reset and

fetchData.

Interfaces

IS~ | & )@ [B] R~ ] | [sewen

Q[ Dictionary View

Type

Dimensions

Units

Complexity

Minimum

Maximum

Description

~ (@ slexSenicelnterfaceSensorExa

~ £ sensorCmd

~ reset(resetSignal)

resetSignal

boolean

real

~ data = sendData()

data

double

real

In this example, the sensors exhibit a drift that increases over time. The controller calls the

fetchData service to receive the sensor output and calls the reset service periodically to reset the
drift back to 0. To visualize the sensor outputs, go to the Simulation tab, and in the Review Results
section, select Data Inspector.

Q

Inspect

Filter Signals
NAME

N

» Signals

QP LHEDR +

Archive

Properties

+ Outports

sensorlData

sensor2Data

Simulation Data Inspector - sensorDataSDI.mldatx

@

Compare

LINE

- Run 1: scServicelnterfaceExample[C.

254

204

154

104

0.5 4

0.5 4

-1.0 4

-15 4

-2.0 4

sensorlData M sensor2Data
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Function Scheduling

You can schedule the functions of the controller through the Functions Editor. To access the
Functions Editor, go to the Modeling tab, and in the Design section, select Functions Editor. In

this example, the reset function is called by the controller every 0.2 seconds, while the fetchData
function is called every 0.1 seconds. Note that there is a Boolean input argument for the reset
function, resetData. By default, resetData is false, and thus the reset function does not reset
the sensors until the controller sets resetData to true. In this example, the controller component is
configured to set resetData to true every 50 samples of the reset function, or every 10 seconds.

Functions Editor @ x
Functions
&+ & Order functions by dependency
Executi = Function Name Softwar P
1 Controller requestFetchDataPortl 2 controller 0.1
2 Controller_requestFetchDataPort2 1 Controller 0.1
3 Controller_requestResetPortl 1 Controller 0.2
4 Controller requestResetPort2 #3 controller 0.2
Simulation Data Inspector - sensorDataSDI.mldatx B
Q G L3
Inspect Compare W sensorlData M sensor2Data

Filter Signals

+ NAME LINE

- Run 1: scServicelnterfaceExample[C.

. + Outports

v sensorlData —
T
E » Signals
2
-~
—J
Archive
Properties

254

204

154

104

0.5

0.5 4

-1.0 4

-15 4

-2.0 4

16

18

2

2

74

2%

2B

B
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You can view the sequence of function calls throughout the simulation of the model in the Sequence
Viewer. To access the Sequence Viewer, go to the Simulation tab, and in the Review Results
section, select Sequence Viewer.

Sequence Viewer - scServicelnterfaceSensorExample

P scServicelnterfaceSensorExample ¢

””””DN 2

10

20 |
| I T O O I |

I“Illllll

Ready

Controller

Sensor?

Sensorl

o

reset(true} !

0.2

0.4

0.6

reset(false)

1@ E =

Shown

Auto

Code Generation

To generate code for the model, which includes the service interface sensorCmd, use this command.

rtwbuild('scServicelnterfaceSensorExample');

Note that the service interface SensorCmd is generated as an abstract class. This action enables

implementation to be separate from the interface.
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#ifndet RTW_HEADER_sensorCmdT_h_
#deftine RTW_HEADER_sensorCmdT_h_
#include "rtwtypes.h"

class sensorCmdT

{
public:
virtual void reset(boolean_T)

{
}

virtual -sensorCmdT()

{
}

virtual void fetchData(real T *)

{
¥
};

#endif FF RTW_HEADER_sensorCmdT_h_

This abstract class is implemented by the generated code for the referenced sensor model.
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A/ Output and update for referenced model: "scSensorMdlRef’®

vold scSensorMdlRef::fetchData({real T *rty_data)

i
A/ Qutputs for Function Call SubSystem: "<Root=/fetchData’
A4 MATLAB Function: "=S51=/MATLAE Function' incorporates:
iy SignalConversion generated from: "=S51=/reset’

if (scSensorMdlRef_B.TmpSignalConwversionAtresetDatal) {
scSensorMdlRer _DwW.offset = 0.0;

} else {
scSensorMdlRer _DwW.offset += 0.005;

1

scSensorMdlRef DW.time += 0.1;

A4 S5ignalConversion generated from: "<S1=/data’ incorporates:
Ly Constant: "<51=/Constant’
£ MATLAE Function: "=51=/MATLAE Function®

*rty_data = std::sin(1.5 * scSensorMdlRef_DW.time) *
scSensorMdlRef _InstP _ref-=Amplitude + scSensorMdlRef _DW.offset;

A/ End of Outputs for SubSystem: '"<Root=/TetchData'
}

A/ Output and update for referenced model: "scSensorMdlRef’®

voild scSensorMdlRef::reset(boolean_T rtu_resetData)

{
A/ Outputs for Function Call SubSystem: '<Root=/reset’'
A/ SignalConversion generated from: '<=52=/resetData’
scSensorMdlRef _B.TmpSignalConversionAtresetDatal0 = rtu_resetData;

A/ End of Outputs for SubSystem: "<Root>/reset’

The generated abstract class is also used to construct the class of the controller.

£/ Constructor
scControllerMdlRef: :scControllerMdlRef({sensorCmdT& SensorlCmd_arg, sensorCmdT&
Sensor2Cmd_arg)
scControllerMdlRef _DW(),
SensorlCmd({SensorlCmd_arg),
Sensor2Cmd({Sensor2Cmd_arg),
scControllerMdlRef_M()

S5 Currently there is no constructor body generated.
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The service is subsequently called by the controller from the SensorCmd abstract class.

/4 Output and update for referenced model: 'scControllerMdlRef'
vold scControllerMdlRef::scControl_requestFetchDataPortZ(real_T *rty_sensor2Data)

1
4/ RootInportFunctionCallGenerator generated from: "<Root=/requestFetchDataPort2' incorporates:
I SubSystem: '<Root=/requestFetchDataz’

S/ FunctionCaller: "«=52=/sendData Caller'
Sensor2Cmd.fetchData(rty_sensor2Data);

4/ End of Qutputs for RootInportFunctionCallGenerator generated from: '<Root=/requestFetchDataPort2’

See Also

Function Element | Function Element Call | Simulink Function | Function Caller | Function-Call
Subsystem | addServiceInterface | setFunctionPrototype | getFunctionArgument

Related Examples

. “Define Port Interfaces Between Components” on page 3-2

. “Author and Extend Functions for Software Architectures” on page 10-24

. “Software Component Modeling”

. “Author Service Interfaces for Client-Server Communication” on page 10-41

. “Call Simulink Functions in Other Models Using Function Ports”

. “Simulate Asynchronous Services for Vehicle Headlight Management” on page 10-53
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Simulate Asynchronous Services for Vehicle Headlight
Management

This example shows how to use asynchronous services to simulate vehicle headlights in a System
Composer™ software architecture model.

Overview

In this example, the model HeadlightArch consists of a lighting manager component,
LightingManager, two headlight components, LeftHeadlight and RightHeadlight, and a
component for logging, Logging. The headlight components are modeled as two different instances
of the same referenced model, HeadLight.

The referenced model defines two Simulink® Functions:

* setMode, which takes in the 1ightMode variable and returns an output that indicates whether
the headlight is broken

» getMode, which returns the 1ightMode variable

A single service interface is specified between the lighting manager and the two headlight instances,
which allows the manager to call setMode or getMode for a specific instance of the referenced
headlight component.

Open the model.

model = systemcomposer.openModel ("HeadlightArch");
7] HeadlightArch
Vehicle Headlight Management via Asynchronous Services =
LeftHeadlight [
= HoadLight =
= ® LightRequest
S ahBroke LightingManager a
e = Egh:gu.-mnggr’ konlh— (b isBroken
. Left
I Right L=
RightHeadlight a
. = HeadLight =
LighiStatus >
® LightRequest
RightBrakenBb—(b> Broken

Logging

b= LightStatus
Copyright 2022 Tha MathWeeks, Ine

Define Asynchronous Services Using Interface Editor
To view the Interface Editor, on the toolstrip, navigate to Modeling > Interface Editor. Notice that

the Asynchronous check box is selected for the function elements representing the functions
getMode and setMode.
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Interfaces ™ =
|E| |.£ v||é_i| v||ﬁj| sl | ~ | |Es, v|| Search O\][Dictinnaw View - |

Type Dimensions Asynchronous

* i@ HeadlightArchDD sldd

* = Lightinterface

* lightWode = getMode()
lightMode ints 1

= status = seiMode(lightMode)
lightMode int& 1
status intd 1

The block parameters for the Simulink behavior models are preconfigured to support asynchronous
simulation.

On the server model, the Trigger block parameter Execute function call asynchronously
within the Simulink Function blocks for setMode and getMode is selected. On the client model, the
Function Caller block parameter Execute function call asynchronously is selected.

Asynchronous Function Calls for Simulation of Vehicle Headlights

For asynchronous execution, when the client makes a request to the server, the server responds
according to the priority order defined in the Functions Editor instead of the order in which the
requests were received. To launch the Functions Editor tool, on the toolstrip, go to Modeling >
Functions Editor.

Use the Functions Editor tool to change the order of execution of the functions so that when these
functions are called at the same time, the higher priority function is executed first.

If a function from the list calls another function:

» If a lower priority function is already running, the higher priority function runs. After its
completion, the lower priority function continues to run.

» If a higher priority function is already running, the lower priority function runs after the higher
priority one.
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Functions Editor G
Functicns
+ t. & | | & | [ orderfunctions by dependency @

10

LeftHeadlight.LightRequest.setMode
RightHeadlight.LightRequest.setMode
LeftHzadlight.LightRequest.getMode
RightHeadlight.LightRequest.getMode
LightingManager.onLaeftChange
LightingManager.onRightChange
LightingManager.onCheckStatusLeft
LightingManager.onCheckStatusRight
LightingManager_changelightMode

LightingManager_checkLights

#L LeftHeadlight
*1 RightHeadlight
#L LeftHeadlight
*1 RightHeadlight
J"a LightingManager
J"a LightingManager
J"a LightingManager
J"a LightingManager
J"a LightingManager
J"a LightingManager

For asynchronous function calls, the Function Caller block has a message output port consistent with

the number of output arguments. This message output port connects to a Message Triggered
Subsystem block to process the messages. The LightingManager component references the

LightingManager Simulink model that consists of two asynchronous function calls. The
changellLightMode Function-Call Subsystem uses the setMode function and determines how each

headlight should change its lighting mode. The checkLight Function-Call Subsystem uses the
getMode function and checks whether each headlight is broken and returns its status.
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D

changelighthode
L
Tuniction|)

glatuslaf ﬁ

&

lafusRight LightStatus ——— i LightStatus left
onLeftChangs
Left. sathode .:" =
LightStatus ——————————"§§}§ | ightStatus . right
onRightChange

Right . sathode ..:)

CO———

checkLights
3
Turction)
slatuslan lL
2]
statusRight LightStatus ——— 5l LightStatus . leftCheck
]L onCheckStatusLeft
Left. gethlode @) =
LightStatus ————————"s§i§ | ightStatus . rightChack

onCheckStatusRight
Right . getMode @)

Simulate the model.
sim("HeadlightArch");

You can visualize the logged signals after simulation using the Simulation Data Inspector. On the
toolstrip, go to Simulation > Data Inspector.

10-56



Simulate Asynchronous Services for Vehicle Headlight Management

LeftSetModeR

o

M RightiSetModeR

Q @
Inspect Compare M LefiGetModeR
Filter Signals ad
+ NAME LINE
~ Run 1: HeadlightArch[Current] [ ]
. | LeftGethModeR ——
RightGetModeR L
0 I —
RlghitSetModeR —
14
&,
~»
—
E :
n H RightGetModeR
2
14
Archive ald
Properties

To view the execution order of the function calls, on the toolstrip, launch the Sequence Viewer by

navigating to Simulation > Sequence Viewer. Simulate the model again to view the logged
messages on the Sequence Viewer and the order in which messages are executed. Since the
setMode function is at a higher priority order on the Functions Editor, those server calls are

received first.
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LightingManager Left RightHeadlight
Headlight
=] c] T =)
Function- onLeft onRight Function- onCheck onCheck ] | Simulink Simulink
Call .. Change Change Call ... StatusLeft StatusRight | Function Function1

2 5] 2] & 2] 5] : ' T
: Ir m m m setMode(0) I 1 L ! | |
[ | "SHSSS——— I . [— [0)=setode ... | | 1] I - !
I " enLeftChangelt_i H i i i i i | !
i , ) i I setMode(0) i i i |
i | H @=setMode 0] | . |
: C ongheChangeit) ) : : : : | :
[ : 1 I | I I I [ 1 ]
! ! 1 1 ] I 1
i : i A | I _Ol=gectode W | : : :
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You can change the priority order of the functions in the Functions Editor and view the result in the
Sequence Viewer.

See Also

Function Element | Function Element Call | Simulink Function | Function Caller | Function-Call
Subsystem | Message Triggered Subsystem | addServiceInterface | setFunctionPrototype |
getFunctionArgument | setAsynchronous

Related Examples

. “Define Port Interfaces Between Components” on page 3-2

. “Author and Extend Functions for Software Architectures” on page 10-24

. “Software Component Modeling”

. “Author Service Interfaces for Client-Server Communication” on page 10-41
. “Call Simulink Functions in Other Models Using Function Ports”

. “Service-Oriented Sensor Modeling” on page 10-45
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11 Create Custom Views

Create Spotlight Views

11-2

A system being designed in System Composer for a real application is usually large and complex. It
typically consists of many complex functions working together to fulfill the system requirements. In
the process of designing and analyzing such architectures, you must understand existing components
and what needs to be added. A spotlight view is a simplified view of a model that captures the
upstream and downstream dependencies of a specific component. Use the model below to begin
creating spotlight views.

Mobile Robot Architecture Model with Properties

This example shows a mobile robot architecture model with stereotypes applied to components and
properties defined.

ex_RobotArch_props

Sensors ﬁ

Emcodar < brrmim e
s MatPasdinn m T I
t» i TargetPositio B i
Trajectory Plnnnlrﬁ @ : Mation {E i
& !
I i
SeneorData b - - - b --oo——-{ = SansorData !
TargetPaosition[---4 B+ TargetPosition Encoder [ -

MotionCommand B - - —memmmmmd b+ MoticnCommand

il

Create Spotlight Views from Components

Create views dynamically using spotlight views.



Create Spotlight Views

1 Double-click the Sensors component, then select the DataProcessing component.

2 Select the DataProcessing component and navigate to Modeling > Architecture Views >
Spotlight. Alternatively, right-click the DataProcessing component and select Create
Spotlight from Component.

The spotlight view launches and shows all model elements to which the DataProcessing
component connects. The spotlight diagram is laid out automatically and cannot be edited.
However, it allows you to inspect just a single component and study its connectivity to other
components.

Note Spotlight views are transient. They are not saved with the model.

ex_RobotArch_props

Sensors 1]

Sensors/DataProcessing i

Trajectory Planning/SafetyRules i

SersorData
Outfus

3  Shift the spotlight to another component. Select the Motion component. Click the ellipsis above

=)
the component to open the action menu. To create a spotlight from the component, click .

ex_RobotArch_props

Sensors i

Sensors/DataProcessing iF
Trajectory Planning/MotionController U

o XA i - =& | :
I o e e = - (1 RawDain utBus - | T Trajectory Planning/SafetyRules

i TargelPosilion

To view the architecture model at the level of a particular component, select the component and

click .

ex_RobotArch_props

Sensors I

Sensors/DataProcessing

TergePasitien
Trajectory PlanningiSafetyRules

Sensordiata

4
To return to the architecture model view, click O
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You can make the hierarchy and connectivity of a component visible at all times during model
development by opening the spotlight view in a separate window. To show the spotlight view in a
dedicated window, in the component context menu, select Open in New Window, then create the
spotlight view. Spotlight views are dynamic and transient: any change in the composition refreshes
any open spotlight views, and spotlight views are not saved with the model.

See Also

More About

. “Create Architecture Views Interactively” on page 11-5

. “Display Component Hierarchy and Architecture Hierarchy Using Views” on page 11-21
. “Create Architectural Views Programmatically” on page 11-15

. “Modeling System Architecture of Keyless Entry System” on page 11-25



Create Architecture Views Interactively

Create Architecture Views Interactively

The structural hierarchy of a system typically differs from the hierarchy of the functional
requirements of a system. With architecture views in System Composer, you can view a system based
on different hierarchies.

A view shows a customizable subset of elements in a model. Views can be filtered based on
stereotypes or names of components, ports, and interfaces, along with the name, type, or units of an
interface element. Create views by adding elements manually. Views create a simplified way to work
with complex architectures by focusing on certain parts of the architectural design.

You can use different types of views to represent the system:

* Operational views demonstrate how a system will be used and should be integrated with
requirements analysis.

» Functional views focus on what the system must do to operate.
* Physical views show how the system is constructed and configured.

A viewpoint represents a stakeholder perspective that specifies the contents of the view.

For example, you can author a system using requirements. A view allows you to better understand
what components you need to satisfy your requirements while not necessarily focusing on the
structure.

This example uses the architecture model for a keyless entry system to create component diagram
views.

A component diagram represents a view with components, ports, and connectors based on how the
model is structured.

Component diagrams allow you to programmatically or manually add and remove components from
the view.

For more information on the keyless entry architecture, see “Modeling System Architecture of
Keyless Entry System” on page 11-25.

Create Filtered Views with Component Filters and Port Filters

1 In the MATLAB Command Window, enter this command.
scKeylessEntrySystem

The architecture model opens in System Composer.
2 Navigate to Modeling > Architecture Views to open the Architecture Views Gallery.
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* \iew Browser o |z o
- -
Search Iy
m
~ B0 views 5
3 Door Lock System Supplier Breakd g
[l Door Lock System Supplier Breakdown 3
v | Key FOB Position Dataflow 5
+ [d] Software Component Review Status Use the New button to create a new View or Sequence diagram or selectan |
3 . Sound System Supplier Breakdown exisﬁng diagram from the left.
[] sequence Diagrams
* Model Components
Search
- KeylessEntryArchitecture Tl View Configurations [+]
~ [ Door LockiUnlock System FILTER | GROUPING
[ Door Lock Controller [, Add Component Filter| » | |} Add Port Filter - | | |« Apply | %3 Revert Mode: | Basic | Code
Front Driver Door Lock Actuator -
E COMPONEMNT FILTER
- Front Driver Door Lock Sensor
[ Detect Door Lock Status No view is selected.
=] Door Lock Sensor -l N
I4 > 4l
3 Select New > View to create a new view.
. . . . . .
4 In View Properties on the right pane, in the Name bhox, enter a name for this view, for example,
. . . .
Software Component Review. Choose a Color and enter a Description, if necessary.
¥ View Browser Q §| Software Component Review | ©@ | View Properties -]
Search -,_,—| Views » Software Component Review Name Value
~ §A views - 4 Main -
4 Door Lock System Supplier Breakd H Name Software Component Review
[ Door Lock System Supsier Ereakdoun ] Software Component Review |
» |l Kev FOB Position Datafiow Color @
3 Software C t Review Statl
[Ad somtware Component Review Status T
» [T Sound system Supplier Breakdown
. Software Component Review
Sequence Diagrams -
~ Model Components [~}
Search QJ
A KeylessEntry Architecture « | View Configurations ]
~ [™] Door LockiUnlock System ll FILTER ‘ GROUPING
D Door Lock Controller ' :L,. Add Pq - v Appl |3 Reve Mode | Basid Cod
<3| Front Driver Door Lock Actuat -
fom Driver Beortoc aer ECDMPONENT FILTER
h Front Driver Door Lock Sensor
D Detect Door Lock Status E Mo filter specified. Use the "Add Component Filter" bution fo build & new filter or choo
[ Door Lock Sensor ~ | « I 4
4 o ]

5 In the bottom pane on View Configurations, from the Filter tab, click Add Component Filter
to add new form-based criterion to a component filter.

6 From the Select list, select Components. From the Where list, select Stereotype. Select isa.
In the text box, from the list select AutoProfile.SoftwareComponent.

FILTER | GROUPING |
& Ada component Fitter | +| (3, Add Port Fiter || [« Apply| (¢ Revert| | AutoApply| 1100 [Basic| Code|
E COMPONENT FILTER
Select [Ccmponems v] Where |Stereotype | v] [isa v] |\utoF'roﬂle.SomvareCompunent| v]
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Select Apply v

An architecture view is created using the query in the Component Filter box. The view is
filtered to select all components with the AutoProfile.SoftwareComponent stereotype

applied to them.

[l software Component Review

[FOB Locator Module

CenterReceiver
FrontReceiver

RearReceiver

VN

| Rear Pass Door Lock Sensor/Detect Door Lock Status

( mmBus

[Front Driver Door Lock Sensor/Detect Door Lock Status

(" InBus
U

‘ Front Pass Door Lock Sensor/Detect Door Lock Status

l

( InBus
¢

‘ Rear Driver Door Lock Sensor/Detect Door Lock Status

‘\J InBus
1

{Lighting Controller ]
p N
(" engineStatus cabinLightCmd D)
(> KeyLocation neadiighicma )
{Keyless Start Controller
keyLocation >’ [
[ ( butienPressed
)
( currentGear
]
% engineStatus engineCmd
‘ ( isPedalDepressed
/i keyLocation
isLocked ]\;ﬁ \T g
=] ‘ Door Lock Controller E‘
’—§> frontDriverSensor doorStatus =
(EIEEEE(S ] {Sound Controller ‘
%Q frontPassSensor frontDriverCmd [
J (> doorStatus.
(1 keyLocation frontPassCmd ) g
& j [ ( enginestatus soundcmd )
p
—ﬁ rearDriverSensor rearDriverCmd [j 1> keyLocation
G P; rearPassCmd )
isLocked 1> y—on 1
isLocked

8 Select Add Component Filter. From the Select list, select Components. From the Where list,
select Name. Select ~contains. In the text box, enter "Door Lock". Select the Auto Apply
check box so that future changes are applied without selecting Apply.

View Configurations

FILTER GROUPING

[, Add Component Filter || |BE, Add Port Filter |+

:—', COMPONENT FILTER

Select Components -

And - Select Components -

~ Auto Apply Easic | Code
Where Stereotype |v isa - AutoProfile. SoftwareCompon... |
Where Name | - ~contains - "Door Lock”

9 An architecture view is created using the additional query in the Component Filter box. The
view is filtered to select all components not named "Door Lock".
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] Software Component Review

Keyless Start Controller

" buttonPressed

cumrentGear

engineStatus engineCmd
~ isPedalDepressed

& keylLocation

Sound Controller [
(" doorStatus
engineStatus soundCmd
g =l —\ keyLocation
FOB Locator Module - '
CenterReceiver . . =
) Lighting Controller =
| FrontReceiver keylLocation =)
; L
(- RearReceiver (" engineStatus cabinLightCmd )

(& keyLocation headlightCmd )

10 From the Add Port Filter list, select the option Hide Unconnected Ports.

View Configurations

FILTER | GROUPING
[, Add Component Filter |+ | |BE Add Port Filter |« | Auto Apply Basic | Code

E, COMPONENT FILTER
Select | Components v | Where |Stereotype | > | |isa ~ | | AutoProfie.SoftwareCompon.... | +
And - Select Components - Where Name | - ~contains - "Door Lock™
&
b7 PORT FILTER

Hide uncennected ports

%
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11 An architecture view is created using the additional query in the Port Filter box. The view is
filtered to hide unconnected ports.
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] software Component Review

1

FOB Locator Module = Keyless Start Controller E"

keyLocation [ (7 keyLocation

‘ Sound Controller =

(1 keyLocation

l_

Lighting Controller ]

(1= keyLocation

12
Delete the port filter. Pause on the constraint and select the @ button.

Add Group By Criteria to Filtered Views

In the View Configurations pane, select Grouping.

To choose a property enumeration for grouping, click Add Group By.

From the list, select AutoProfile.BaseComponent.ReviewStatus.

Click Add Group By again.

From the list, select AutoProfile.SoftwareComponent.ImplementationlLanguage.
Click Apply.

o U A W N M
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NeedsReview

Simulink

I Software Component Review

UnderReview

Keyless Start Controller

FOB Locator Module =]

r o8 Lo T Sound Controller =]

Lighting Controlier =

Edit Views Interactively

With the Architecture Views Gallery tool, you can edit and rearrange your view layout interactively.

Click and drag components anywhere inside or outside the views canvas. Resize components
inside and outside the views canvas. The views canvas expands to accommodate the moves.

Move and resize a parent component with its children. Rearrange child components inside a
parent component. After moving a child component, the parent component expands to
accommodate the change.

When a moved or resized component partially overlaps another component, the system is
highlighted to indicate an incorrect final state.

Click and drag around a region to select multiple components and manipulate them together.

Double-click a component on the Model Components browser to add the component to the
diagram. Right-click a component on the Model Components browser for additional options.

Undo or redo interactive edits on the views canvas.

Follow these steps to add or delete elements from a view using the Model Components browser.

1

11-10

To add more components to the view, drag and drop components from Model Components.
Drag and drop the Lighting System component to the Software Component Review view.
Alternatively, click Add on the toolstrip. You can also press Ctrl+I to add component
instantiations to your view when you select them.

Note Interactively adding and removing elements from your view with an associated query is not
supported. You will receive a warning message: Remove associated query? Click OK to
proceed.
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View Browser
Search Q)

~ B Views
» . Door Lock System Supplier Breakdown
b Key FOB Position Dataflow
» Software Component Review Status
b D Sound System Supplier Breakdown
r Software Component Review

Sequence Diagrams

Model Components.

Search Q]
E ram -
* [F] Lignting System
[ cabin Lights
[ Headiights

[F9 Lighting Controller
= o A e,

Software Componenti Review
Views » Software Component Review

| 5311434 0Hd MIIA

o i i

VIEW CONFIGURATIONS |

You can press Delete to delete components from the view.

2 Observe that the Lighting System component has been added to the view.

Lighting System

Reviewed

[Ecund Consroller keylocation

Simulink

Lighting Controller_engineStatus

Lighting Contraller_snginaStatus

Lighting Controller =

> engineSiatus eabinlightCmd

—————————( ¥eylowton headightCmd

Lighting Gontrofier_keyLocation

ngineStatus
Lighting Confroller_leeyLocation

Cpp

Sound Controller_kepLocation

‘Sound Controller_keyLocation
keyLocation

Sound Controller
doorStatus
" engineStatus soundCmd

> keyLocation

This view is now considered a freeform view.

Add or Remove Requirements Links from Views

1 Navigate to Requirement > Requirements Manager. A Requirements Toolbox license is
required. The Requirement Links tab appears at the bottom of the Software Component

Review view.

2 Select the Lighting Controller component and observe the linked requirement
Automatically turn off headlights.
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Software Component Review
Views b Software Component Review

Lighting System

[und Conirolier keylocation

engineStatus

Reviewed

Lighting Conirolles_snginsSatus

Lighting Coniroller_keyLocation

Simulink

Lighting Cantroflar_sngineStstus
Lighting Controller_keyLocation
Cpp

‘Sound Controller_keyLocation

kmyLocation

off headlights & %
s on lock

Sound Controller_keyLocation

[l Requirement Links

Lighting Controller =
engineStatus cabinLightCmd
) 1
{5 keyLocaion hesdighiCmd
Sound Controller =
doorSiatus
engineSiatus soundmd
keyLecstion

3  Select the requirement Automatically turn off headlights to open the Requirements
Editor to view or modify requirement links.

4 In the Architecture Views Gallery, navigate to Requirement > Open Requirements Editor if
the Requirements Editor is not open already.

5 Select the Should unlock door requirement.
Return to the Architecture Views Gallery. In the Software Component Review view, select
the Lighting Controller component.

7 Navigate to Requirement > Link to selected requirement. The new requirement Should
unlock door is added.

11-12



Create Architecture Views Interactively

View Browser

Search

+ 58 Views
b . Door Lock System Supplier Breakdown
» Key FOB Position Dataflow
b Software Component Review Status
b D Sound System Supplier Breakdown
4 . Software Component Review
ﬁ Sequence Diagrams

Software Component Review

Model Components

Search

~ [53] Front Receiver
[ Antenna
B pm

~ [53] Rear Receiver

[ Antenna
_ T

o
O\ Views » Software Component Review 2
3
=
m
4
S
o
—NE
Jl Lighting Controller = [ %
m
o
> engineStatus cabinLightCmd f —
I % keyLocation headlightCmd )
Q)
« | View Configurations Requirement Links

E = Implements:
Welcome lights
Automatically tum off headlights
Flash headlights on lock

Should unlock door €
Delete Lin

14

8  To remove a requirement link, select ¥ and confirm deletion.

Add Custom Clauses to Component Filters and Port Filters

Select New > View to create a new view.

In View Properties on the right pane, in the Name box, enter a name for this view, for example,
Hardware Component View. Choose a Color and enter a Description, if necessary.

3 In the bottom pane on View Configurations, from the Filter tab, select from the list Add
Component Filter > Add Custom Component Filter to enter a constraint by which to filter. In
the box, enter contains (Property('Name'), 'Dashboard').

4 In the bottom pane on View Configurations, from the Filter tab, select from the list Add Port
Filter > Add Custom Port Filter to enter a constraint by which to filter. In the box, enter
contains(Property('Name'), 'sound').

Select Apply 4
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Hardware Component View
Views » Hardware Component View

B Hardware Component View

‘ Dashboard Speaker {

|: soundCmd

View Configurations
FILTER GROUPING

[, Add Component Filter |« | |BE, Add Port Filter | Basic | Code

:—'r COMPONENT FILTER
contains(Property(Name'),'Dashboard’)

b7 PORT FILTER
contains(Property(Name'),'sound”)

&

The view is filtered using the constraints in the custom filters. For more information on
structuring constraints, see systemcomposer.query.Constraint.

See Also

More About

. “Create Architectural Views Programmatically” on page 11-15

. “Display Component Hierarchy and Architecture Hierarchy Using Views” on page 11-21
. “Create Spotlight Views” on page 11-2

. “Modeling System Architecture of Keyless Entry System” on page 11-25
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Create Architectural Views Programmatically

You can create an architecture view programmatically. This topic presents two examples of creating
architecture views programmatically using a keyless entry system architecture using element groups.

An element group is a grouping of components in a view.
Use element groups to programmatically populate a view.

For more information on the keyless entry architecture, see “Modeling System Architecture of
Keyless Entry System” on page 11-25.

The third example is about how to use queries to find elements in a System Composer model.

A query is a specification that describes certain constraints or criteria to be satisfied by model
elements.

Use queries to search elements with constraint criteria and to filter views.

Create Architecture Views in System Composer with Keyless Entry
System

Use a keyless entry system to programmatically create architecture views.
1. Import the package with queries.

import systemcomposer.query.*

2. Open the Simulink® project file for the Keyless Entry System.
scKeylessEntrySystem

3. Load the example model into System Composer™.

model = systemcomposer.loadModel ("KeylessEntryArchitecture");
Example 1: Hardware Component Review Status View

Create a filtered view that selects all hardware components in the architecture model and groups
them using the ReviewStatus property.

1. Construct a query to select all hardware components.
hwCompQuery = HasStereotype(IsStereotypeDerivedFrom("AutoProfile.HardwareComponent"));
2. Use the query to create a view.
model.createView("Hardware Component Review Status",...
Select=hwCompQuery, ...
GroupBy={'AutoProfile.BaseComponent.ReviewStatus'}, ...
IncludeReferenceModels=true, ...
Color="purple");

3. To open the Architecture Views Gallery the Views section, click Architecture Views.
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model.openViews

VIEWS

I%I 0
E Save — = |# Open Requirements Editor = =
I:II:II:I m . @ Group o [ @ E>|] ooo 2 (s | ‘ . 0O ood EA"EII ‘-:1
i t al t -
New S Run E Remove & Ungroup L B3 Pivot Focus ¢ Linkto selected requiremen Component | Component  Architecture | Display
- Query v Requirements Manager Diagram Hierarchy Hierarchy Depth =
FILE COMPOMENTS CANVAS NAVIGATE REQUIREMENT CIAGRAM DISPLAY
View Browser Hardware Component Review Status Component Properties
Search Q Views » Hardware Component Review Status Mame Value
~ B view: . 4 Main
g5 Views UnderReview
b . Door Lock System Supplier Breakdow Name Door Lock Senser
’ Key FOB Position Dataflow ) Stereotype |
[ Software Component Review Status Rear Driver Door Lock Sensor I ——
=DoorLockSensor> 4 | ]3 159
» [l Sound System Supplier Breakdown f HardwareComponent
- Hardware Component Review Status =
. Reviewed B usb |
b Reviewed X -
ReviewStatus - |
4 UnderReview
ﬁu 2
Model Components | Door Lock Sensor |
isLockad )
Search Q [ Parameters
- KeylessEntryArchitecture View Configurations i No parameters
FILTER | GROUPING defined
A D Door Lock/Unlock System
[ Door Lock Controller
of Add Group By
M Group By
[ Detect Door Lock Status 1 |AutoProfile.BaseComponent ReviewStatus
I4 hd rl

Example 2: FOB Locator System Supplier View

Create a freeform view that manually pulls the components from the FOB Locator System and groups
them using existing and new view components for the suppliers. In this example, you will use element
groups, groupings of components in a view, to programmatically populate a view.

1. Create a view architecture.

fobSupplierView = model.createView("FOB Locator System Supplier Breakdown",...
Color="lightblue");

2. Add a subgroup called Supplier D. Add the FOB Locator Module to the view element
subgroup.

supplierD = fobSupplierView.Root.createSubGroup("Supplier D");
supplierD.addElement("KeylessEntryArchitecture/FOB Locator System/FOB Locator Module");

3. Create a new subgroup for Supplier A.

supplierA = fobSupplierView.Root.createSubGroup("Supplier A");

4. Add each of the FOB Receivers to view element subgroup.

FOBLocatorSystem = model.lookup("Path","KeylessEntryArchitecture/FOB Locator System");

Find all the components which contain the name "Receiver".
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receiverCompPaths = model.find(...
contains(Property("Name"), "Receiver"), ...
FOBLocatorSystem.Architecture);

supplierA.addElement(receiverCompPaths)

(4]

¥ Modal Componants

Search al e
~ [F] KeylessEntryArchitecture To—
+ [™ Door LockUnizck System
3 ﬂ Engine Control System
¢ [T FOB Locator Systam

» [ Lighting System -

n Save (el = # Open Regquirements Editor =4a 2
@ 5 4 (m abé =g i
@ Delete — &P Link to selected requirement = -
Mew Run ] ﬁj Component | Component  Architecture | Display
- Query ﬁ Requirements Mansger Diagram Hieraschy Hierarchy Depth ~
FILE | COMPONENTS | camvas | maviGaTE | REQUIREMENT | DIAGRAM | DisPLay
* View Browser < FOB Locator System Suppher Breakdown
Search Q| Views » FOB Locator System Supplier Braakdown
= [[] Fo8 Locator System Supplier Breakdown = [CIFC8 Locator System Supplier Eresidoan
- Supplier A ‘
[F5) Center Recaiver Sopplier D
[3 Front Receiver [ ||
oty r =
% Rear Recaiver vam | f —_—— . B x
- Supplier O
Front Receiver '
[F] FOB Locator Module - iy ) ——
e

[ sauuadowd man |n

I4 VIEW CONFIGURATIONS:

5. Save the model.

model.save

Find Elements in Model Using Queries

Find components in a System Composer model using queries.

Import the package that contains all of the System Composer queries.
import systemcomposer.query.*

Open the model.

scKeylessEntrySystem
model = systemcomposer.loadModel("KeylessEntryArchitecture");

Find all the software components in the system.

conl = HasStereotype(Property("Name") == "SoftwareComponent");
[compPaths, compObjs] = model.find(conl)

compPaths = 5x1 cell

{'KeylessEntryArchitecture/Door Lock//Unlock System/Door Lock Controller!’

}

{'KeylessEntryArchitecture/Engine Control System/Keyless Start Controller'}

{'KeylessEntryArchitecture/FOB Locator System/FOB Locator Module'
{'KeylessEntryArchitecture/Lighting System/Lighting Controller'
{'KeylessEntryArchitecture/Sound System/Sound Controller'

}
}
}
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compObjs=1x5 object
1x5 Component array with properties:

IsAdapterComponent
Architecture
ReferenceName

Name

Parent

Ports

OwnedPorts
OwnedArchitecture
Parameters
Position

Model
SimulinkHandle
SimulinkModelHandle
UUID

ExternalUID

Include reference models in the search.

softwareComps = model.find(conl,IncludeReferenceModels=true)

softwareComps = 9x1 cell
{'KeylessEntryArchitecture/Door Lock//Unlock System/Door Lock Controller'
{'KeylessEntryArchitecture/Door Lock//Unlock System/Front Driver Door Lock Sensor/Detect Doo
{'KeylessEntryArchitecture/Door Lock//Unlock System/Front Pass Door Lock Sensor/Detect Door |
{'KeylessEntryArchitecture/Door Lock//Unlock System/Rear Driver Door Lock Sensor/Detect Door
{'KeylessEntryArchitecture/Door Lock//Unlock System/Rear Pass Door Lock Sensor/Detect Door L«
{'KeylessEntryArchitecture/Engine Control System/Keyless Start Controller'
{'KeylessEntryArchitecture/FOB Locator System/FOB Locator Module'
{'KeylessEntryArchitecture/Lighting System/Lighting Controller!'
{'KeylessEntryArchitecture/Sound System/Sound Controller'

Find all the base components in the system.

con2 = HasStereotype(IsStereotypeDerivedFrom("AutoProfile.BaseComponent"));
baseComps = model.find(con2)

baseComps = 18x1 cell
{'KeylessEntryArchitecture/Engine Control System/Start//Stop Button'
{'KeylessEntryArchitecture/Engine Control System/Keyless Start Controller'
{'KeylessEntryArchitecture/FOB Locator System/FOB Locator Module'
{'KeylessEntryArchitecture/Sound System/Dashboard Speaker'
{'KeylessEntryArchitecture/Lighting System/Lighting Controller'
{'KeylessEntryArchitecture/Sound System/Sound Controller'
{'KeylessEntryArchitecture/Door Lock//Unlock System/Door Lock Controller'
{'KeylessEntryArchitecture/Door Lock//Unlock System/Front Driver Door Lock Sensor'
{'KeylessEntryArchitecture/Door Lock//Unlock System/Front Pass Door Lock Sensor'
{'KeylessEntryArchitecture/Door Lock//Unlock System/Rear Driver Door Lock Sensor'
{'KeylessEntryArchitecture/Door Lock//Unlock System/Rear Pass Door Lock Sensor'
{'KeylessEntryArchitecture/Door Lock//Unlock System/Front Driver Door Lock Actuator'}
{'KeylessEntryArchitecture/Door Lock//Unlock System/Front Pass Door Lock Actuator' }
{'KeylessEntryArchitecture/Door Lock//Unlock System/Rear Driver Door Lock Actuator' }
{'KeylessEntryArchitecture/Door Lock//Unlock System/Rear Pass Door Lock Actuator' }
{'KeylessEntryArchitecture/FOB Locator System/Center Receiver' }
{'KeylessEntryArchitecture/FOB Locator System/Front Receiver' }

o e e e e e e e
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{'KeylessEntryArchitecture/FOB Locator System/Rear Receiver' }

Find all components using the interface KeyFOBPosition.

con3 = HasPort(HasInterface(Property("Name") == "KeyFOBPosition"));
con3_a = HasPort(Property("InterfaceName") == "KeyFOBPosition");
keyFOBPosComps = model.find(con3)

keyFOBPosComps = 10x1 cell

{'KeylessEntryArchitecture/Door Lock//Unlock System' }
{'KeylessEntryArchitecture/Door Lock//Unlock System/Door Lock Controller' }
{'KeylessEntryArchitecture/Engine Control System' }

{'KeylessEntryArchitecture/Engine Control System/Keyless Start Controller'}
{'KeylessEntryArchitecture/FOB Locator System'
{'KeylessEntryArchitecture/FOB Locator System/FOB Locator Module'
{'KeylessEntryArchitecture/Lighting System'
{'KeylessEntryArchitecture/Lighting System/Lighting Controller'
{'KeylessEntryArchitecture/Sound System'
{'KeylessEntryArchitecture/Sound System/Sound Controller!'

B e el e el e

Find all components whose WCET is less than or equal to 5 ms.

cond4 = PropertyValue("AutoProfile.SoftwareComponent.WCET") <= 5;
model.find(con4)

ans Ix1 cell array

{'KeylessEntryArchitecture/Sound System/Sound Controller'}

You can specify units for automatic unit conversion.

con5 = PropertyValue("AutoProfile.SoftwareComponent.WCET") <= Value(5, 'ms');
querylComps = model.find(con5)

querylComps = 3x1 cell
{'KeylessEntryArchitecture/Lighting System/Lighting Controller' }

{'KeylessEntryArchitecture/FOB Locator System/FOB Locator Module'}
{'KeylessEntryArchitecture/Sound System/Sound Controller' }

Find all components whose WCET is greater than 1 ms or that have a cost greater than 10 USD.

con6 = PropertyValue("AutoProfile.SoftwareComponent.WCET") > Value(l,'ms') | PropertyValue("Autol
query2Comps = model.find(con6)

query2Comps = 2x1 cell
{'KeylessEntryArchitecture/Engine Control System/Keyless Start Controller'}
{'KeylessEntryArchitecture/Door Lock//Unlock System/Door Lock Controller' }

Close the model.

model.close
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See Also

find | Llookup | systemcomposer.query.Constraint | createView | getView | openViews |
deleteView | systemcomposer.view.View | systemcomposer.view.ElementGroup

More About

. “Create Architecture Views Interactively” on page 11-5

. “Display Component Hierarchy and Architecture Hierarchy Using Views” on page 11-21
. “Create Spotlight Views” on page 11-2

. “Modeling System Architecture of Keyless Entry System” on page 11-25
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Display Component Hierarchy and Architecture Hierarchy
Using Views

This example shows how to use hierarchy views in the Architecture Views Gallery to use hierarchy
views to visualize hierarchical relationships.

You can visualize a hierarchy diagram as a view with components, ports, reference types, component
stereotypes, and stereotype properties.

There are two types of hierarchy diagrams:

* Component hierarchy diagrams display components in tree form with parents above children. In a
component hierarchy view, each referenced model is represented as many times as it is used.

» Architecture hierarchy diagrams display unique component architecture types and their
relationships using composition connections. In an architecture hierarchy view, each referenced
model is represented only once.

Any component diagram view can be optionally represented as a hierarchy diagram. The hierarchy
view shows the same set of components visible in the component diagram view, and the components
are selected and filtered in the same way as in a component diagram view.

This example uses an architecture model representing data flow within a robotic system. Open this
model to follow the steps in the tutorial.

Robot Computer Systems Architecture

Use a robot computer system with controllers that simulate transmission of data to explore hierarchy
diagrams in the Architecture Views Gallery.

11-21



11 Create Custom Views

scArchitectureHierarchy

) OutputSignal >

-
Controller < [ Machine ﬁ
< ControflerSimulink > [

t> HflInputSignal
Feadhack B b--—m—mmm e > Feedback Compute > -

InputSignal -~ 1= InputSifinal :
OutpuiSignal > -- -4 OutputSigna

nformation >

CutputSignal >

1
1
i
- ' - o
RobotController < [ [ Computer ﬁ
< ControllerSimulink = i k
1
|

e ! __{1 Feedback nformation = -- 4finformation DutputSignal2 [ b

. - - 1

b= HflinputSignall InputSignal1 -1 InputSignal ! b S e PP
OutfutSignal I --0utputSignall 1 OutputSignal 1> -~ OutputSignal2

'

== Compute ComputedSignal t» -+ ComputedSigna

ComputedSignal [+ 1>

Switch Between Component Diagram View and Hierarchy Views

1 To open the Architecture Views Gallery, navigate to Modeling > Architecture Views.
2 From the View Browser, select the AL1 Components view.

3  Observe the component diagram view that corresponds to the all the components in the
architecture model.

[EIAN Components

Computer i

Machine i

Processor i

Controller
CantrollerSimuiink>

ipisies Motherboard

InternalController
RobotController < ! - <ControlerSimuink>
<CantolerSimuinic- ; RS

The component diagram represents a view with components, ports, and connectors based on how
the model is structured.

4 In the Diagram section of the toolstrip, click Component Hierarchy.

(| i EI%
Component | Component | Architecture
Diagram Hierarchy™ Hierarchy
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5 Observe the component hierarchy view that corresponds to the same set of components.
[l All Components
Computer I Machine Ej‘ Controller =X | RobotController
\«ElectricalComponents «ElectricalCompanents <ConfrollerSimulink= <ControllerSimulink=
Power: double (W) =20 Power: double (W) = 20 «SoftwareComponents «SoftwareGomponents
Ports Ports. Memory: double (GB) = 1 Wemory: double (GE) = 1
in Compute in Feedback Ports Ports.
in Feedback out Compute in InpulSignal in  InputSignal
out ComputedSignal out Feedback out Feedback
out Information out O out QutputSignal
out QutputSignal
Motherboard ¥ | Processor U | Transmission =
«ElectricalComponents «Electrical Components =<TransmissionSimulink=
Power: double (W) = 20 Power: double (W) = 20 «SoftwareGomponents
Ports Ports Memory: double (GB) = 1
in Feedback in Gompute Ports.
out Information out ComputedSignal in Feadback
out QutputSignal out Compute
InternalController <

=ControllerSimulink=
«SoftwareComponents

Memory: double (GB) = 1

Porls
in InputSignal
out Feedback
out QutputSignal

The component hierarchy diagram shows a single root, which is the view specification itself. The
root corresponds to the name of the view shown in the component diagram. The connections in
the component hierarchy diagram originate from the child components and end with a diamond
symbol at each parent component.

In the Diagram section of the toolstrip, click Architecture Hierarchy.

Compenent Component | Architecture
Diagram Hierarchy Hierarch

Observe the architecture hierarchy view that corresponds to the same set of components.
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B All Components

scArchitectureHierarchy
Ports

in InputSignal

in  InputSignalt

out ComputedSignal

out Information

out OutputSignal

out OutputSignalt

out OutputSignal2

Machine

TransmissionSimulink

«ElectricalComponent»
Power: double (W) = 20

Ports

in Feedback
out Compute

Computer

«ElectricalComponent»
Power: double (W) = 20

Ports

, in Compute

in Feedback

out ComputedSignal

out Information

out OutputSignal

«SoftwareComponent»
Memory: double (GB) = 1
*———~ois
in Feedback
out Compute

Processor

«ElectricalComponent»
Power: double (W) = 20

o ————ors

in Compute

out ComputedSignal

Motherboard
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«ElectricalComponent»
Power: double (W) = 20
Ports

in Feedback

out Information

out OutputSignal

ControllerSimulink <
e «SofwareComponents

Memory: double (GB) = 1

Ports

in InputSignal

out Feedback

[T outo

The architecture hierarchy diagram starts with the root architecture. The root corresponds to the
boundary of the system. A box in an architecture hierarchy diagram represents a referenced
model and appears only once even if it is referenced multiple times in the same model. For
example, ControllerSimulink, a referenced model that appears on three components, has
three connections to its parent architectures. The connectivity of the boxes represents the
relationship between ContollerSimulink and its parents.

See Also

More About

“Create Architectural Views Programmatically” on page 11-15

“Create Architecture Views Interactively” on page 11-5

“Create Spotlight Views” on page 11-2

“Modeling System Architecture of Keyless Entry System” on page 11-25
“Class Diagram View of Software Architectures” on page 10-20
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Modeling System Architecture of Keyless Entry System

This example shows how to set up the architecture for a keyless entry system for a vehicle in System
Composer™. You also learn how to create different architecture views for different stakeholder
concerns. This example follows a model-based systems engineering (MBSE) workflow:

Define Stakeholder Requirements

Define Logical Architecture Model

Define Stereotypes to Classify Components
Define Port Interfaces to Describe Data Flow
Create Views to Present to Stakeholders

gua A W N R

scKeylessEntrySystem

KeylessEntryArchitecture

FOB Locator System ﬁgﬁl Door Lock/Unlock System %
keyLocation [~ > keylLocation doorStatus [>
Sound System L'l%l
[+ doorStatus
= keyLocation
5 A
2 P
k] i
= 3
@ =
- = E‘
Lighting System % Engine Control System L‘I%l
engineStatus < > keylLocation engineStatus [

Copyright 2018-2020 The MathWeorks, Ine.

Define Stakeholder Requirements

In MBSE design, functional requirements represent high-level stakeholder requirements based on
needs and concerns for the design to address. Run this command to open the Requirements Editor
(Requirements Toolbox) with the functional requirements. A Requirements Toolbox™ license is
required to inspect requirements in a System Composer architecture model.
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slreq.load('FunctionalRequirements');

slreq.editor

W ﬁl FuncticnalReguirements
= 1 #1 Should unlock door
= 2 #2 Should lock door
= 3 #3 Welcome lights
= 4 #4 Automatically turn off headlights
El 5 #5 Flash headlights on lock
El 6 #6 Emit sound when car unlocked
= 7 w7 Emit sound when car locked
= 8 #B8 Emit sound when car is on but not key detected
E 9 #9 Engine start with push button
E 10  #10 Engine stop with push button

These stakeholder requirements specify that the architecture model must include a door lock and
unlock system, a lighting control system, a sound system, and an engine control system. These
components should meet requirements after passing quality checks. For more information, see
“Manage Requirements” on page 2-8.

Define Logical Architecture Model

The logical architecture of a keyless entry system includes sensors, a mechanical door lock system, a
lighting system, a sound system, and an engine control system. These components interact based on
the information passed through their ports by connections. Each top-level component can be
decomposed into its subcomponents to represent an architectural hierarchy.

Decompose the FOB Locator System

The FOB Locator System component includes the system the vehicle uses to receive a wireless
signal and isolate the location of the key to lock or unlock doors. This action is the first step in
implementing a keyless entry system.
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FOB Locator System

Front Receiver ﬁ
< FOBReceivar >
RxSignal -
Center Receiver ﬁ FOB Locator Module B
< FOBReceiver >
b FrontReceiver
RxSignal [ [» CenterReceiver keyLocation B —dllkeyLocation
keyLocation
> RearReceiver
Rear Receiver ﬁ

< FOBReceiver >

RxSignal [~

b

The referenced architecture FOB Receiver is reused to type the three receivers on the vehicle on
the front, center, and rear. Each receiver sends a signal, RxSignal, to the FOB Locator Module
component that determines the key location, keyLocation, and transmits the key location to all the
other systems represented by components.

Decompose the Door Lock and Unlock System

After the key location is identified, the automated door lock and unlock system activates. The door
lock and unlock system has both hardware and software components.
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Door Lock/Unlock Systam

Front Driver Door Lock Actuator El

= Beor -
Front Driver Doer Lock Sensor I =l
< DOOILOCKSEN30r >
I commard
lelocked
FrontPass Door Lock Sersor  LF Docr Lock Gontroller = Front Pass Door Lock Actuator 4F
DoarladkEansar = < BeorLockActuator =
T froniPiruarSensce seniPieunrftmd 2
=g [ frenPasSensor frortPassCmd b J- SonimErd
Tt Sersur re v Crnd
b ) @keyLocal i
b reaPasiSensor rearPassCd b
Rear Driver Door Lock Banscr L Reer Driver Door Lock Actustor L
= DoorlockSensar = A 7 = DoorLockAstualor =
] 4
g &
g9 ze

Istocked [ E - £ commard

Rear Pass Door Lock Sensor ﬁ Rear Pags Door Lock Actuator {E
= DoorLockSensar » < DoorLockActualor =

Islocked [ I+ commard

| ah iy

All four doors for the vehicle have sensors that detect whether the door is locked. The
DoorLockSensor referenced architecture types these components. According to the information
passed through the FOB, the Door Lock Controller component activates the actuators for the
four doors to optionally implement the door locks. The DoorLockActuator referenced architecture
types the actuators. The door lock status doorStatus is transmitted through the boundary from the
Door Lock Controller component.

Decompose the Sound System

The Sound System component controls emitting sounds to indicate key location, door status, and
engine status.
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soundCmd >} 1> soundCmd

> engineStatus

The software for the Sound Controller component sends a command to the Dashboard Speaker
component to process and make the sounds.

Decompose the Engine Control System

The engine control system contains a system to control the brakes, transmission, and engine. The
keyless entry system activates a keyless start controller that starts or stops the vehicle.
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Engine Centrol System

> kel craticn

B

11-30

Brake System #ﬁ Lo [~

Transmisslon System Ao Engine System oo
enginaCm3 <
v
v v
| :
z 5 gz
i ; 5
2 2
H s b
=
§
& E E
g H
;B
Star/Stop Button i < g o
v v v
Keyless Start Controller &
EutonPressed [+ I buttonFressad

angneCend -

keylocaton— [ keyLacation

The keyLocation signal from the FOB Locator System enters the Keyless Start Controller
component, which receives feedback from the Brake System, Transmission System, and Engine
System components. Next, a signal is sent to the Engine System to start or stop the vehicle
according to the buttonPressed signal from the Start/Stop Button component.

Decompose the Lighting System

The keyless entry system sends commands from a lighting controller to activate the headlights and
cabin lights.
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< keylLocation

Lighting System &
Headlights &
£3
33
=¥
lightCmd < 2
Lighting Controller H
<] headlightCmd
engineStatus [ 4
engineStatus < —dfjengineSiatus
<l cabinLightCmd
Cabin Lights &

ightCmd <]

Engine status and key location information sent to the Lighting Controller component might
activate the different lights represented by the Headlights and Cabin Lights components.

Define Stereotypes to Classify Components

All components in the architecture have the appropriate stereotype applied. Use the Profile Editor
tool to define profiles, stereotypes, and properties to apply to components, ports, connectors, and
interfaces. Each of the component stereotypes inherits properties from the parent stereotype
BaseComponent. For each stereotyped component, you can define the Cost, ReviewStatus, or
Latency property values.
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Profile Browser Stereotype Properties
Filter profiles: | <all> h MName: |Base(30mponent |
Applies to: |Component & O 1con &
v [=] AutoProfile
O BaseComponent Base sterectype: | <nothing> -
& BasePort
{F HardwareComponent [ Abstract sterectype
> HardwarePort
Description:
E| SoftwareComponent S |
P SoftwarePort
» Default Stereo for Composition
.f.%. System types P
ar| | v
Property name Type Name Unit Default
1 Cost double v |n/a UsD 0
2 ReviewStatus enumeration ~ | ReviewStatus n/a MeedsReview 4
3 Latency double ~ [n/a ms 0

To stereotype components and ports, first apply the profile AutoProfile to the top model. Each of
the component stereotypes includes an icon that represents the usage of the stereotype and indicates
the component type. To apply stereotypes to all model elements in a batch process, use the Apply
Stereotypes dialog. To apply stereotypes one by one, use the Property Inspector. For more
information, see “Use Stereotypes and Profiles” on page 5-9.

Define Port Interfaces to Describe Data Flow

Composite data interfaces assigned to ports allow you to decompose the data transfer through those
ports along the connections between them. For example, the keyFOBPosition interface might
describe the elements of information passing through the keyLocation ports to different
components of the architecture.
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KeylessEntryArchitecture B
& :IKeylengn:rydr:hure(:web -
C* KeylessEntryArchitecture
&
=
FOB Locator System tEEl Door Lock/Unlock System &I
=
F‘ iyl ocation ) ( eyl ocation doorStatus
- Sound System &
3
= B> doorStatus
( keyLocalion
§ . .y
g §
E
Lighting System oh Engine Control System &5
engineStatus < ( koyLocation anginaStakus 1

-
P’ Copyright 2018-2020 The MathWorks, Inc
« | ek
Interfaces ® X
& -G | &~ |E -8 || Search Q|| Dictionary View - @
[~ ¥ Interfaces.sidd
. & DoorStatus

& EngineStatus

& FOBSigna

= KeyFOBPosition

The composite data interfaces that have not been decomposed demonstrate an early version of
interfaces design using the Interface Editor. To decompose data intefaces, you can add data
elements, or data elements typed by other data interfaces or typed by other value types. For more
information, see “Assign Interfaces to Ports” on page 3-9.

Create Views to Present to Stakeholders

You can create, view, and edit architecture views in the Architecture Views Gallery. To launch the
editor, on the Modeling tab in the toolstrip, click Architecture Views. Filtered views update
dynamically with changes to the model. Alternatively, you can use Spotlight Views, which are
transient views centered on specific components. For more information, see “Create Spotlight Views’
on page 11-2. The KeylessEntryArchitecture model has these views:

y

* Key FOB Position Dataflow — An operational view of the components in the model that make use
of the KeyFOBPosition interface.
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Ml Key FOB Position Dataflow
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5
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* Door Lock System Supplier Breakdown — A functional view of the components in the door lock
system grouped by which supplier provides the given components.
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* Sound System Supplier Breakdown — A functional view of the components in the sound system
grouped by which supplier provides the given components.

[JSound System Supplier Breakdown
Sound System &
Supplier C
Upprer SupplierB
= 5
Contober goorsans =
W ‘swnd Controller Dashboard Speaker 1
(& dousins
,7 T— ] S § Soued Contoter sountomnd ] ) rnscmd
| KeyLocason i
F ‘Sound Conrober_onginastanss _—
i
g
z
5

* Software Component Review Status — A physical view of the components in the model with the
SoftwareComponent stereotype applied grouped by the value of the ReviewStatus property.
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[

[ESoftware Component Review Status

Reviewed

Sound Controller

docrsit

engresians
NeedsReview

Lighting Controller
FOB Locator Module =) Sound Consroser_beyLocason ——

engiesiatis
Frorcecener - caveiaicma
ConmerRacensr weyLocaen Door Lock Controller L
Reaeceer
vonorersenscr
FOB Locator Mosule b |

UnderReview

See Also

createView | getView | openViews | deleteView | systemcomposer.view.View |
systemcomposer.view.ElementGroup

More About

. “Create Architecture Views Interactively” on page 11-5

. “Create Architectural Views Programmatically” on page 11-15

. “Display Component Hierarchy and Architecture Hierarchy Using Views” on page 11-21
. “Organize System Composer Files in Projects” on page 12-2

. “Modeling System Architecture of Small UAV” on page 1-32

. “Model-Based Systems Engineering for Space-Based Applications” on page 1-38
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* “Organize System Composer Files in Projects” on page 12-2
» “Compare Model Differences Using System Composer Comparison Tool” on page 12-4
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Organize System Composer Files in Projects

12-2

Use projects to organize your work, manage files and settings, and interact with source control.
Using System Composer generates multiple files, including but not limited to:

e Architecture models (.s1x)

* Requirements Toolbox links (. s1mx) and requirement sets (.slreqgx)

» Allocation sets (.mldatx)

» Profiles (.xml)

» Interface data dictionaries (.sldd)

e Simulink Test files (.mldatx)

* MATLAB functions (.m) and live scripts (. mlx)

¢ Simulink behavior models (.s1x)

To help organize these files, use projects.

Use Projects to Organize Files and Folders
Create a project from a folder with supporting files and folders.

For example, this folder structure represents typical steps in the process of model-based systems
engineering: models, profiles, interfaces, requirements, tools, tests, livescripts

The models folder can include architecture models, Simulink behavior models, and requirement
links. If architecture models and behavior models are constructed separately, you can split the
models folder into two folders, architectures and simulation, and decompose the folders
further to represent the different stages of architectural model-based design. The tools folder can
include functions and scripts for trade studies and analyses.

1 In MATLAB, navigate to the directory where your model files and artifacts are located.

2 Select New > Project > From Folder. Enter a name for your project.

4\ MNew Project >

Project name: |SpaceCraftMBSESeries

Project folder: Documents' Projects\ Workflow Examples\SpaceCraftMBSESer| 13

Create Cancel

3 The files in the folder you specify are added to the project, and the Project menu appears. To
generate your own project shortcuts, on the Project Shortcuts tab, click New Shortcut or
Organize Groups.

4  You can open the project again using the generated . prj file in your directory.
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Project - SpaceCraftMBSESeries
Views Al

f&, Dependency Analyzer =

Labels ~
Git A

Current branch: master
Branch status: Mormal
Coincident with /origin/master

Project (76) | Modified (3)

Name

livescripts
5| BatterySolarArmraySizingAnalysis.mb
E‘ groundTrackVisualization.mix
15| Overview.mb
5] powerRollUpDeme.mix
models
requirements
%3] ACSRequirements.slreqx
| | CubeSatRequirements.reqif
4| OMGRefArchModel.slmx
[%] PowerSystemRequirements.siregx
|| SystemRequirements.sireqx
resources
tests

&3 +myTestPkg
3] groundCoverageMLTest.m
|#| groundCoverageMLTest.simx
|4 systemTests.mldatx
%] systemTests.slmx
tools
work

=] .gitattributes

=l .gitignore

|| README.md

| =1 SpaceCraftMBSESeries.prj

LRSS IR IR
I ]

We &%

Classification

Design
Design
Design
Design

Design

Test

Git

pIY

® x

Layout: | Tree ~ a-

Any changes you make will be organized in the project. You can manage changes to files with multiple
contributors using source control. For more information on source control with projects, see “About

Source Control

with Projects”.

To illustrate file dependencies across the project, use the Dependency Analyzer. For more
information, see “Dependency Analysis for Projects”. To check and upgrade the project, use the Run

Checks option.

See Also

More About
. “Modeling System Architecture of Small UAV” on page 1-32

. “Modeling System Architecture of Keyless Entry System” on page 11-25
. “Allocate Architectures in Tire Pressure Monitoring System” on page 8-10
. “Calculate Endurance Using Quadcopter Architectural Design” on page 9-16

. “Design Insulin Infusion Pump Using Model-Based Systems Engineering” on page 9-23

. “Model-Based Systems Engineering for Space-Based Applications” on page 1-38
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Compare Model Differences Using System Composer
Comparison Tool

This example shows how to use the Comparison Tool to compare two System Composer™
architecture models with differences in architectural data. The models represent a mobile robot
hardware architecture and an edited version of the same model.

scMobileRobotHardwareArchitecture
® [_|scMobiIeRobotHardwareArchitecture 4 M
Q scMobileRobotHardwareArchitecture
E Payload O
Lidar Sensor =)
Point €00 B - - - == mmmmmmmmmy
- RGE Camera ™) |
& : Mobile Robot Case O
Image b= -
= : )i -
o 2
E g1
Controllar L Target Machine ﬁ
User Input [» === ===nsex,
Encoder Reading 1 - -=--==-=--==1 Wheels
> Commands H
< Encoder Reading 1
Encoder Reading 2 < < Encoder Reading 2
Emergency Switch o —— b Actustor lnpul
----------- b EmergCmd &
H Actuator Input £ - =
EmergCmd B> - -===cnnxi £
&
H
&
L .
Q 8
> &
[ ]
Battery () Power Supply Board (] Charge Board O
L‘"i'_! Power [» > Battery Power Power < < Power
» |

To open the Comparison Tool, enter this command.
visdiff("scMobileRobotHardwareArchitecture.slx","scMobileRobotHardwareArchitectureEdited.slx")

Compare Structural Differences

The first section of the System Composer comparison report is called Architecture. The
differences in this section include changes to components, ports, and connectors. This section also
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includes changes to component types, port types, and any owned interfaces added to ports. The

comparison report displays:

* A new physical port named Temperature Control added to the Power Supply Board
component and connected to the Battery Pack component.

* A new port named Wheel Stud connected from the Wheels component to the Mobile Robot

Case component.

* A new owned interface with elements Signal and Message owned by the Command ouput port.

* Aport on the Target Machine component renamed from Commands to Command.

* The Controller component that is converted to a Stateflow® chart component.

%' Left: scMobileRobotHardwareArchitecture.slx

' Right: scMobileRobotHardwareArchitectureEdited.slx

~ Architecture
- scMobileRobotHardwareArchitectura
= [ Power Supply Board

= [ Controllar
> User Input

= [7] Wneels
<] Actuator Input
<] Power

= [™] Mobile Robot Case

= [=] Battery
[» Power

= [™] Target Machine

<] Image
= <] Commands

- [=] RGE Camera
[ Image

== Controller : User Input -= Target Machine : Commands

« Architecture

= [ scMobileRobotHardwareArchitecture Edited
= [=] Power Supply Board
{r Temperature Control
= B3 Controller
[ User_Input
= [™] Wheels
<] Actuator Imput
<] Power
<] Wheel Stud
= [*] Mobile Robot Case
[>= Wheel Stud
= [ Battery Pack
[» Battery Power
{7 Temperature Control
= [™] Target Machine
<] Image
 «] Command
Signal
Message
= [ RGE Camera
[> Image
= Controller - User_Input -> Targel Machine : Command

= Mobile Robot Case - Wheel Stud -> Wheels | Wheel Stud
« = Conn
{ Battery Pack : Temperature Control
(" Power Supply Board : Temperature Control

To learn more about specific changes, you can select the row in the comparison report and view
additional information in the bottom pane. As you click on each row of the comparison report, the
corresponding open models on the right side are highlighted.
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Compare Interface Dictionary Differences

The second section of the System Composer comparison report is called Interfaces. The
differences in this section include changes to interfaces on the model data dictionary. The comparison

report displays:
* Three new value type interfaces called RedPhase, GreenPhase, and BluePhase.
* Anew Colors data interface with three data elements: R, G, and B.

* A new physical interface named ThermalMeasure with the physical element Heat.

% Left: scMobileRobotHardwareArchitecture.slx = | ¢ Right: scMobileRobotHardwareArchitectureEdited.slx

-

- Intarfacas - Interfaces

(4] BluePhase
= & Colors
R
G
B
[5] GreenPhase
] RedPhace
= {0 ThermalMeasure
Heat

When you click on the data element: R, G, or B, you can see that the element is typed by its value
type. You can also inspect the physical domain that types the physical element Heat.

Compare Views Differences

The third section of the System Composer comparison report is called Architecture Views. The
differences in this section added or deleted architecture views and shows whether the view mode has
changed between Component Diagram, Component Hierarchy, or Architecture Hierarchy.
The comparison report displays:

* The new BatteryPack view and the components that are displayed within it: Power Supply
Board, Battery Pack, and Charge Board.

* Changes to the existing views Life Expectancy and Mobile Robot due to renaming the
Battery component to Battery Pack.

% Left: scMobileRobotHardwareArchitecture.slx - Right: scMobileRobotHardwareArchitectureEdited.slx -

» Architecture Views - Archiecture Views
~ g2 BatteryPack
™ Power Supply Board
[™] Battery Pack
[ Charge Board

+ =0 Life Expectancy
= 50 Life Expectancy L !

= Batery ™ Battery Pack
- 'ﬂ“ Mobile Robot

- Er;'. KMobile Robot " -

- [ Battery Pack
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When you click on each of the view names, the bottom pane will indicate if there are further
modifications to the views.

See Also

visdiff

More About

. “Compose Architectures Visually” on page 1-2

. “Define Port Interfaces Between Components” on page 3-2

. “Define Profiles and Stereotypes” on page 5-2

. “Create Architecture Views Interactively” on page 11-5

. “Implement Component Behavior Using Simulink” on page 7-2
. “Organize System Composer Files in Projects” on page 12-2
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* “Import and Export Architectures” on page 13-2

* “Import and Export Architecture Models” on page 13-5

* “Import System Composer Architecture Using ModelBuilder” on page 13-13
“System Composer Report Generation for System Architectures” on page 13-19
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Import and Export Architecture Models

Import and Export Architectures

13-2

In System Composer™, an architecture is fully defined by three sets of information:

* Component information
* Port information

* Connection information

You can import an architecture into System Composer when this information is defined in or
converted into MATLAB® tables.

In this example, the architecture information of a simple unmanned aerial vehicle (UAV) system is
defined in a Microsoft® Excel® spreadsheet and is used to create a System Composer architecture
model. It also links elements to the specified system level requirement. You can modify the files in this
example to import architectures defined in external tools, when the data includes the required
information. The example also shows how to export this architecture information from System
Composer architecture model to an Excel spreadsheet.

Architecture Definition Data

You can characterize the architecture as a network of components and import by defining
components, ports, connections, interfaces and requirement links in MATLAB tables. The
components table must include name, unique ID, and parent component ID for each component. The
spreadsheet can also include other relevant information required to construct the architecture
hierarchy for referenced model, and stereotype qualifier names. The ports table must include port
name, direction, component, and port ID information. Port interface information may also be required
to assign ports to components. The connections table includes information to connect ports. At a
minimum, this table must include the connection ID, source port ID, and destination port ID.

The systemcomposer.importModel (importModelName) function:

* Reads stereotype names from the components table and loads the profiles

* Creates components and attaches ports

* Creates connections using the connection map

* Sets interfaces on ports

* Links elements to specified requirements (requires a Requirements Toolbox™ license)
» Saves referenced models

» Saves the architecture model

Instantiate adapter class to read from Excel.

modelName = "simpleUAVArchitecture";

ImportModelFromExcel function reads the Excel file and creates the MATLAB tables.
importAdapter = ImportModelFromExcel("SmallUAVModel.xls","Components",

"Ports","Connections","PortInterfaces","RequirementLinks");
importAdapter.readTableFromExcel();
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Import an Architecture

model = systemcomposer.importModel (modelName, importAdapter.Components,
importAdapter.Ports,importAdapter.Connections,importAdapter.Interfaces,
importAdapter.RequirementLinks);

Auto-arrange blocks in the generated model.

Simulink.BlockDiagram.arrangeSystem(modelName)

simpleUAVArchitecture

Propulsion Supervisory
EngineStatus > I+ EngineStatus
B dT Filellevel > > EuelData
PwrStatus [ > PwrStatus Data Link B>
> Telemetry
FlightComputer
Flight Support Components [ 1
ADSBData [»
AirData [ b AirData
AQS I - Control Surface Cmds [»
GS Comma > ADSBData ontrol S
b (4GS Commands GPESDats —
GPSData b b+ EngingStatus|
— [ FuelData = Payload
I FuellLeve
Oiperator Cmds [+ [ operatorCinds e Data,Link b 4 Data Link
> GPSDHS"
Telemetry > -4l Telemetry
I GS Comfands
dT b
> PwrStatus
ghtCmds [= Telemetry[H B
Airframe
GS Commangs[p—{Ir ctiSfeDeflection
b lightCmds | ==

Export an Architecture
You can export an architecture to MATLAB tables and then convert the tables to an external file.
exportedSet = systemcomposer.exportModel (modelName) ;

The output of the function is a structure that contains the component table, port table, connection
table, the interface table, and the requirement links table. Save this structure to an Excel file.

SaveToExcel("ExportedUAVModel",exportedSet);

See Also
importModel | exportModel | updateLinksToReferenceRequirements

More About

. “Import and Export Architecture Models” on page 13-5
. “Compose Architectures Visually” on page 1-2

. “Decompose and Reuse Components” on page 1-17
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. “Manage Requirements” on page 2-8
. “Import System Composer Architecture Using ModelBuilder” on page 13-13
. “Simulate Mobile Robot with System Composer Workflow” on page 5-20
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Import and Export Architecture Models

To build a System Composer model, you can import information about components, ports, and
connections in a predefined format using MATLAB table objects. You can extend these tables and add
information like applied stereotypes, property values, linked model references, variant components,
interfaces, and requirement links.

Similarly, you can export information about components, hierarchy of components, ports on
components, connections between components, linked model references, variants, stereotypes on
elements, interfaces, and requirement links.

Define Basic Architecture

The minimum required structure for a System Composer model consists of these sets of information:

* Components table
* DPorts table
* Connections table

To import additional elements, you need to add columns to the tables and add specific values for
these elements.

Components Table

The information about components is passed as values in a MATLAB table against predefined column
names, where:

* Name is the component name.
* 1IDis a user-defined ID used to map child components and add ports to components.
* ParentID is the parent component ID.

For example, Component 1 1 and Component 1 2 are children of Component 1.

Name ID ParentID
root 0

Component 1 1 0
Component 1 1 2 1
Component 1 2 3 1
Component 2 4 0

Ports Table

The information about ports is passed as values in a MATLAB table against predefined column names,
where:

* Name is the port name.
* Direction can be one of Input, Output, or Physical.
» IDis a user-defined port ID used to map ports to port connections.
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* CompID is the ID of the component to which the port is added. It is the component passed in the
components table.

Name Direction ID ComplD
Portl Output 1 1
Port2 Physical 2 4
Portl 1 Output 3 2
Portl 2 Input 4 3

Connections Table

The information about connections is passed as values in a MATLAB table against predefined column

names, where:

* Name is the connection name.

* IDis connection ID used to check that the connections are properly created during the import

process.

* Kind is the kind of connection specified by Data by default or Physical. The Kind column is

optional and will default to Data if undefined.
* SourcePortID is the ID of the source port.
* DestPortID is the ID of the destination port.

* PortIDs are a comma-separated list of port IDs for physical ports that support nondirectional

connections.
Name Kind ID SourcePortID [DestPortiD PortiIDs
Connl Data 1 2
Conn2 Physical 3,4

Import Basic Architecture

Import the basic architecture from the tables created above into System Composer from the MATLAB
Command Window using the importModel function.

systemcomposer.importModel ("importedModel", components,ports, connections)

The basic architecture model opens.




Import and Export Architecture Models

importedModel

Component_1 Component_2

1 B Port2

Tip The tables do not include information about the model's visual layout. You can arrange the
components manually or use Architecture > Arrange > Arrange Automatically.

Extend Basic Architecture Import
You can import other model elements into the basic structure tables.
Import Data Interfaces and Map Ports to Interfaces

To define the data interfaces, add interface names in the ports table to associate ports to
corresponding portInterfaces table. Create a table similar to components, ports, and
connections. Information like interface name, associated element name along with data type,
dimensions, units, complexity, minimum, and maximum values are passed to the importModel
function in a table format shown below.

Name ID Parentl |DataTyp |Dimension |Units Comple [Minimu |Maximu
D e s xity m m

interface |l Datalnt

1 erface

eleml 2 1 interfa

ce2

interface |3 Datalnt

2 erface

elem2 4 1 double |1 e real T T
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Name ID Parentl |DataTyp |[Dimension |Units Comple [Minimu |Maximu
D e s xity m m

elem3 5 1 valueTy|3 cm real 0 100
pe

valueType |6 int32 |3 cm real 0 100

interface |7 Physica
3 lInterf
ace

elec 8 7 Connect
ion:

foundat
ion.ele
ctrical
.electr
ical

mech 9 7 Connect
ion:

foundat
ion.mec
hanical
.mechan
ical.ro
tationa
1

Data interfaces interfacel and interface2 are defined with data elements eleml and elem2
under interfacel. Data element elem?2 is typed by interface2, inheriting its structure. For more
information, see “Nest Interfaces to Reuse Data” on page 3-7.

Note Owned interfaces cannot be nested. You cannot define an owned interface as the data type of
data elements. For more information, see “Define Owned Interfaces Local to Ports” on page 3-10.

This data interface interfacel includes a data element elem3, which is typed by a value type
valueType and inherits its properties. For more information, see “Create Value Types as Interfaces”
on page 3-6.

This physical interface interface3 includes physical elements elec and mech, which are typed
under their respective physical domains. For more information, see “Specify Physical Interfaces on
Ports” on page 7-24.

To map the added data interface to ports, add the column InterfacelID in the ports table and
specify the data interface to be linked. For example, interfacel is mapped to Portl as shown

below.

Name Direction ID ComplID InterfacelD
Portl Qutput 1 1 interfacel
Port2 Input 2 4 interface2
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Name Direction ID ComplD InterfacelD
Portl 1 Output 3 2 e
Portl 2 Input 4 3 interfacel

Import Variant Components, Stateflow Behaviors, or Reference Components

You can add variant components just like any other component in the components table, except you
specify the name of the active variant. Add choices as child components to the variant components.

Specify the variant choices as string values in the VariantControl column. You can enter
expressions in the VariantCondition column. For more information, see “Create Variants” on page

1-21.

Add a variant component VarComp using component type Variant with choices Choicel and
Choice2. Set Choice2 as the active choice.

To add a referenced Simulink model, change the component type to Behavior and specify the
reference model name simulink model.

To add a Stateflow chart behavior on a component, change the component type to
StateflowBehavior. If System Composer does not detect a license or installation of Stateflow, a
Composition component is imported instead.

Name ID ParentID |Reference |Componen |ActiveChoi |VariantCon |VariantCon
ModelNam |tType ce trol dition
e

root 0

Component |C1 0 simulink |[Behavior

1 model

VarComp V2 0 Variant Choice2

Choicel C6 V2 petrol

Choice2 C7 V2 diesel

Component |C3 0 Stateflow

3 Behavior

Component [C4 C1

11

Component |C5 C1

12

Pass the modified components table along with the ports and connections tables to the
importModel function.

Apply Stereotypes and Set Property Values on Imported Model

To apply stereotypes on components, ports, and connections, add a StereotypeNames column to the
components table. To set the properties for the stereotypes, add a column with a name defined using
the profile name, stereotype name, and property name. For example, name the column

UAVComponent OnboardElement Mass for a UAVComponent profile, a OnBoardElement
stereotype, and a Mass property.
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You set the property values in the format value{units}. Units and values are populated from the
default values defined in the loaded profile file. For more information, see “Define Profiles and

Stereotypes” on page 5-2.

Name ID ParentiD StereotypeNam |UAVComponent [UAVCompon

es _OnboardEleme |ent_Onboard
nt_Mass Element_Po
wer

root 0

Component 1 1 0 UAVComponent.0({0.93{kg} 0.65{mwW}
nboardElement

Component 1 1 |2

Component 1 2 |3 UAVComponent.0|0.93{kg} o
nboardElement

Component 2 4 0

Assign Requirement Links on Imported Model

To assign requirement links to the model, add a requirementLinks table with these required

columns:

* Label is the name of the requirement.

* IDisthe ID of the requirement.

* SourcelD is the architectural element to which the requirement is attached.

* DestinationType is how requirements are saved.

* DestinationID is where the requirement is located.

* Type is the requirement type.

For more information, see “Manage Requirements” on page 2-8.

Label ID SourcelD DestinationT [DestinationlD |Type
ype
rset#l 1 components |linktype r [C:\Temp Implement
11 mi slreq \rset.slreqx#1l
rset#2 2 components |linktype r [C:\Temp Implement
:0 mi slreq \rset.slreqx#2
rset#3 3 ports:1 linktype r [C:\Temp Implement
mi slreq \rset.slregx#3
rset#4 4 ports:3 linktype r [C:\Temp Implement
mi slreq \rset.slreqx#4

A Requirements Toolbox license is required to import requirement links into a System Composer

architecture model.

Specify Elements on Architecture Port

In the connections table, you can specify different kinds of signal interface elements as source
elements or destination elements. Connections can be formed from a root architecture port to a
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component port, from a component port to a root architecture port, or between two root architecture

ports of the same architecture.

Interfaces

=

elem

ali

ali

& v | ~

- tﬁ elemSelection.slx

~ [:] electricinterface

+ [ mobilelnterface
nterface
* maobile (electricinterface)

elem

The nested interface element mobile.elem is the source element for the connection between an
architecture port and a component port. The nested element mobile.alt is the destination element
for the connection between an architecture port and a component port. The interface element
mobile and the nested element mobile.alt are source elements for the connection between two
architecture ports of the same architecture.

For more information, see “Specify Source Element or Destination Element for Ports” on page 3-13.

Name ID SourcePortl |DestPortID |SourceElement |DestinationElem

D ent
RootToCompl 1 5 4 mobile.elem
RootToComp2 2 5 1 mobile.alt
ComplToRoot 3 2 6 interface
Comp2ToRoot 4 3 6 mobile.alt
RootToRoot 5 5 6 mﬁbile,mobile.

alt

Define Architecture Domain for Software Architectures

To specify that the architecture to be imported is a software architecture, specify the domain field of
the import structure as "Software". For more information, see “Import and Export Software

Architectures” on page 10-5.

Export Architecture

To export a model, pass the model name as an argument to the exportModel function. The function
returns a structure containing five tables: components, ports, connections, portInterfaces,
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and requirementlLinks, and the field domain that is a character vector that represents the type of
architecture being exported. The value of domainis 'System' for architecture models or
'Software' for software architecture models.

exportedSet = systemcomposer.exportModel (modelName)

You can export the set to MATLAB tables and then convert those tables to external file formats,
including Microsoft® Excel® or databases.

exportedSet
|| 131 struct with 6 fields

Field Value

H components 8x5 table
EH ports Gxd t
- connections Tnd
e portinterfaces Ox9 table
= requirementlinks 10x15 tabie

|=|"| domain ‘Systermn’

If requirements were imported to the model using an external file, in order to export and reimport
those requirements, update reference requirement links within the model. You can use the
systemcomposer.updateLinksToReferenceRequirements function for the requirement links to
point to the imported referenced requirements instead of the external documents.

See Also

importModel | exportModel | systemcomposer.io.ModelBuilder |
systemcomposer.updateLinksToReferenceRequirements

More About

. “Compose Architectures Visually” on page 1-2

. “Decompose and Reuse Components” on page 1-17

. “Implement Component Behavior Using Simulink” on page 7-2
. “Manage Requirements” on page 2-8

. “Import and Export Architectures” on page 13-2

. “Import System Composer Architecture Using ModelBuilder” on page 13-13
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Import System Composer Architecture Using ModelBuilder

Import architecture specifications into System Composer™ using the
systemcomposer.io.ModelBuilder utility class. These architecture specifications can be defined
in an external source, such as an Excel® file.

In System Composer, an architecture is fully defined by four sets of information:

* Components and their position in the architecture hierarchy.

* Ports and their mapping to components.

* Connections among components through ports. In this example, we also import interface data
definitions from an external source.

* Interfaces in architecture models and their mapping to ports.

This example uses the systemcomposer.io.ModelBuilder class to pass all of the above
architecture information and import a System Composer model.

In this example, architecture information of a small UAV system is defined in an Excel spreadsheet
and is used to create a System Composer architecture model.

External Source Files

* Architecture.xlsx — This Excel file contains hierarchical information of the architecture
model. This example maps the external source data to System Composer model elements. This
information maps in column names to System Composer model elements.

#
#
#
#

H*

H*

Element : Name of the element. Either can be component or port name.
Parent : Name of the parent element.
Class : Can be either component or port(Input/Output direction of the port).
Domain : Mapped as component property. Property "Manufacturer" defined in the
profile UAVComponent under Stereotype PartDescriptor maps to Domain values il
Kind : Mapped as component property. Property "ModelName" defined in the

profile UAVComponent under Stereotype PartDescriptor maps to Kind values in «
InterfaceName : If class is of port type. InterfaceName maps to name of the interface linl
ConnectedTo : In case of port type, it specifies the connection to

other port defined in format "ComponentName::PortName".

* DataDefinitions.xlsx — This Excel file contains interface data definitions of the model. This
example assumes this mapping between the data definitions in the Excel source file and interfaces
hierarchy in System Composer.

#
#
#

#
#
#
#

Step 1.

You can

Name : Name of the interface or element.
Parent : Name of the parent interface Name(Applicable only for elements)
Datatype : Datatype of element. Can be another interface in format
Bus: InterfaceName
Dimensions : Dimensions of the element.
Units : Unit property of the element.
Minimum : Minimum value of the element.
Maximum : Maximum value of the element.
Instantiate the ModelBuilder Class
instantiate the ModelBuilder class with a profile name.
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[stat,fa] = fileattrib(pwd);

if ~fa.UserWrite
disp('This script must be run in a writable directory');
return;

end

Specify the name of the model to build.

modelName = 'scExampleModelBuilder';

Specify the name of the profile.

profile = 'UAVComponent';

Specify the name of the source file to read architecture information.

architectureFileName = 'Architecture.xlsx';

Instantiate the ModelBuilder.

builder = systemcomposer.io.ModelBuilder(profile);

Step 2. Build Interface Data Definitions

Reading the information in the external source file DataDefinitions.x1sx to build the interface
data model.

Create MATLAB® tables from the Excel source file.

opts = detectImportOptions('DataDefinitions.xlsx");
opts.DataRange = 'A2';

Force readtable to start reading from the second row.
definitionContents = readtable('DataDefinitions.xlsx',opts);
The systemcomposer.io.IdService class generates unique ID for a given key.
idService = systemcomposer.io.IdService();
for rowItr =l:numel(definitionContents(:,1))
parentInterface = definitionContents.Parent{rowltr};
if isempty(parentInterface)
In the case of interfaces, add the interface name to the model builder.
interfaceName = definitionContents.Name{rowItr};

Get the unique interface ID.

getID(container, key) generates or returns (if key is already present) same value for input key
within the container.

interfaceID = idService.getID('interfaces',interfaceName);
Use builder.addInterface to add the interface to the data dictionary.

builder.addInterface(interfaceName, interfacelID);
else
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In the case of an element, read the element properties and add the element to the parent interface.

elementName = definitionContents.Name{rowItr};
interfaceID = idService.getID('interfaces',parentInterface);

The ElementID is unique within a interface. Append E at the start of an ID for uniformity. The
generated ID for an input element is unique within parent interface name as a container.

elemID = idService.getID(parentInterface,elementName, 'E');
Set the data type, dimensions, units, minimum, and maximum properties of the element.

datatype = definitionContents.DataType{rowItr};
dimensions = string(definitionContents.Dimensions(rowlItr));
units = definitionContents.Units(rowItr);

Make sure that input to builder utility function is always a string.

if ~ischar(units)

units = ;
end
minimum = definitionContents.Minimum{rowItr};
maximum = definitionContents.Maximum{rowItr};

Use builder.addElementInInterface to add an element with properties in the interface.
builder.addElementInInterface(elementName,elemID,interfacelD,datatype,dimensions,units, '

ond end

Step 3. Build Architecture Specifications

Architecture specifications are created by MATLAB tables from the Excel source file.

excelContents = readtable(architectureFileName);

Iterate over each row in the table.

for rowItr =1:numel(excelContents(:,1))

Read each row of the Excel file and columns.

class = excelContents.Class(rowItr);
Parent = excelContents.Parent(rowItr);
Name = excelContents.Element{rowItr};

Populate the contents of the table.

if strcmp(class, 'component')
ID = idService.getID('comp',Name);

The Root ID is by default set as zero.
if strcmp(Parent, 'scExampleSmallUAV")
parentID = "0";
else

parentID = idService.getID('comp',Parent);
end

Use builder.addComponent to add a component.
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builder.addComponent (Name, ID,parentID);

Read the property values.

kind = excelContents.Kind{rowItr};
domain = excelContents.Domain{rowItr};

Use builder.setComponentProperty to set stereotype and property values.

builder.setComponentProperty(ID, 'StereotypeName', 'UAVComponent.PartDescriptor', 'ModelNam
else

In this example, concatenation of the port name and parent component name is used as key to
generate unique IDs for ports.

portID = idService.getID('port',strcat(Name,Parent));
For ports on root architecture, the compID is assumed as 0.
if strcmp(Parent, 'scExampleSmallUAV')
compID = "0";
else
compID = idService.getID('comp',Parent);
end
Use builder.addPort to add a port.
builder.addPort(Name,class,portID,compID );
The InterfaceName specifies the name of the interface linked to the port.
interfaceName = excelContents.InterfaceName{rowItr};
Get the interface ID.
getID will return the same IDs already generated while adding interface in Step 2.
interfaceID = idService.getID('interfaces',interfaceName);
Use builder.addInterfaceToPort to map interface to port.
builder.addInterfaceToPort(interfaceID,portID);
Read the ConnectedTo information to build connections between components.
connectedTo = excelContents.ConnectedTo{rowItr};
ConnectedTo is in the format:
(DestinationComponentName: :DestinationPortName)
For this example, consider the current port as source of the connection.

connID idService.getID('connection',connectedTo);

if ~isempty(connectedTo)
splits = split(connectedTo,'::");

Get the port ID of the connected port.
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In this example, port ID is generated by concatenating the port name and the parent component
name. If the port ID is already generated, the getID function returns the same ID for the input key.

connectedPortID = idService.getID('port',strcat(splits(2),splits(1)));

Populate the connection table.

sourcePortID = portID;
destPortID = connectedPortID;

Use builder.addConnection to add connections.

builder.addConnection(connectedTo, connID, sourcePortID,destPortID);
end

end
end

Step 3. Import Model from Populated Tables with builder.build Function

[model, importReport] = builder.build(modelName);

scExampleModelBuilder

Propulslon El SnpewhECompuler
EnpineStatus i+ EngineStatus Diata Link b
Pl -~ FuelLevel & & FusDala
b FusiSupply FuelRetum & & ParStalus
E MechConnacion -  Taelemnatry
FlightCamputer
ADSBDala =
b AirData
B S Commands El Corrod Surface Cmds & Alrframe El
Flight S rt Components i+ EngineSiatus
i e E daT i i ciriSricDefiection
AirDlata o Fuellevel
§ lightCmos g i lightSmos
b ADEBData GFEData -  GPEDala
- Oparator Cmds i
GPSSupgtifiaisrfapds e— » 58 Commands
Payload Cmas &
b+ PwrStatus
Telemestry Payload El
Diata Link » |—0asa Link elametry
& aperatorCmids
Viden Out f

=l ah

Clean up artifacts.

cleanUp

Copyright 2020 The MathWorks, Inc.

See Also
systemcomposer.io.ModelBuilder | importModel | exportModel
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More About

. “Import and Export Architecture Models” on page 13-5
. “Compose Architectures Visually” on page 1-2

. “Import and Export Architectures” on page 13-2

. “Simulate Mobile Robot with System Composer Workflow” on page 5-20

13-18



System Composer Report Generation for System Architectures

System Composer Report Generation for System Architectures

This example shows the different parts of a report generation script for a System Composer™
architecture model and its artifacts.

Import the relevant packages and then add the folder with the example files to the MATLAB® path.

import mlreportgen.report.*

import slreportgen.report.*

import slreportgen.finder.*

import mlreportgen.dom.*

import mlreportgen.utils.*

import systemcomposer.query.*

import systemcomposer.rptgen.finder.*

addpath(fullfile(matlabroot, 'toolbox', 'systemcomposer', "examples', 'rpt'))

Initialize the report.

rpt = slreportgen.report.Report(CompileModelBeforeReporting=false,output="SystemArchitectureRepo

Load the model and reference model.

systemcomposer.loadModel (fullfile(matlabroot, 'toolbox', 'systemcomposer', 'examples', 'rpt', ‘mTest’
model = systemcomposer.loadModel("mTestModel");

Append the title page and the table of contents.

add(rpt,TitlePage("Title",sprintf('%s',model.Name)));
add(rpt,TableOfContents);

Introduction

Add sections and paragraphs to add textual information to the report.

Introduction = Chapter("Title", "Introduction");

secl 1 = Section('Title', "Purpose");

pl = Paragraph(['This document provides a comprehensive architectural ...' ...
'overview of the system using a number of different architecture views...'
' to depict different aspects of the system. It is intended to capture...'
' and convey the significant architectural decisions which have been...'

made for the system.']);

append(secl 1, pl);

secl 2 = Section("Scope");
p2 = Paragraph(['This System Architecture Description provides an architectural...'
' overview of the Mobile Robot System being designed and developed by the...'
' Acme Corporation. The document was generated directly from the Mobile...'
' Robot models implemented in MATLAB, Simulink and System Composer.']);
append(secl 2, p2);
append(Introduction, secl 1);
append(Introduction, secl 2);

Architectural Elements

Create a new chapter to represent architectural elements.
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ArchitecturalElements = Chapter("Architecture Description");

Use the Simulink® slreportgen.finder.SystemDiagramFinder (Simulink Report Generator)
finder to add a snapshot of the model to the report.

systemContext = Section(model.Name);
finder = SystemDiagramFinder(model.Name);
finder.SearchDepth = 0;

results = find(finder);
append(systemContext, results);

append(ArchitecturalElements, systemContext);

Use the systemcomposer. rptgen. finder.ComponentFinder finder to report on components in
the model.

cf = ComponentFinder(model.Name);
cf.Query = AnyComponent();
comp_finder = find(cf);

for comp = comp_finder
componentSection = Section("Title", comp.Name);

Create a list of components allocated from or to a particular component using the
systemcomposer.rptgen.finder.AllocationListFinder finder.

d = AllocationListFinder(fullfile(matlabroot, 'toolbox', 'systemcomposer', 'examples',

compObject = lookup(model, 'UUID',comp.Object);
d.ComponentName = getfullname(compObject.SimulinkHandle);
result = find(d);

append(componentSection, comp);

Append the component information to the report.

append(systemContext, componentSection);

Append the allocation information to the report.

append(systemContext, result);
end

Allocation Sets
Create a chapter to report on the allocation sets associated with the model.

Find all allocation sets using the systemcomposer.rptgen.finder.AllocationSetFinder
finder.

allocation finder AllocationSetFinder(fullfile(matlabroot, 'toolbox', 'systemcomposer',
AllocationChapter Chapter("Allocations");
while hasNext(allocation finder)

alloc = next(allocation finder);

allocationName = Section(alloc.Name);

append(allocationName, alloc);

append(AllocationChapter, allocationName);

end

'rpt’

"examp
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Architecture Views
Create a chapter to display information about the architecture views in the model.

Find all the views using the systemcomposer.rptgen.finder.ViewFinder finder.

ViewChapter = Chapter("Architecture Views");
view finder = ViewFinder(model.Name);
while(hasNext(view finder))
v = next(view finder);
viewName = Section('Title', v.Name);
append(viewName, v);
append(ViewChapter, viewName);
end

Dependency Graph

Create a chapter to display the dependency graph image using the
systemcomposer. rptgen.report.DependencyGraph reporter.

Packaging
packaging
graph = systemcomposer.rptgen.report.DependencyGraph("Source", [model.Name '.slx']);
append(packaging, graph);

append(Packaging, packaging);

Chapter("Packaging");
Section('Title', 'Packaging');

Requirements Analysis

Report on all the requirement sets and requirement link sets associated with the model.
ReqChapter = Chapter("Requirements Analysis");

Requirement Sets

Collect the requirement sets using the
systemcomposer.rptgen.finder.RequirementSetFinder finder.

RequirementSetSection = Section("Requirement Sets");

regFinderl = RequirementSetFinder(fullfile(matlabroot, 'toolbox', 'systemcomposer', ‘'examples',
result = find(reqgFinderl);

pp = Paragraph("This requirement set describes the system requirements for the mobile robot that
append(RequirementSetSection, pp);

append(RequirementSetSection, result.getReporter);

Requirement Link Sets

Collect the requirement link sets using the
systemcomposer.rptgen.finder.RequirementLinkFinder finder.

RequirementLinkSection = Section("Requirement Link Sets");

regLinkFinder = RequirementLinkFinder(fullfile(matlabroot, 'toolbox', 'systemcomposer', ‘'example
resultL = find(reqLinkFinder);

rptr = systemcomposer.rptgen.report.RequirementLink("Source", resultL);

append (RequirementLinkSection, rptr);

append (ReqChapter, RequirementSetSection);
append (ReqChapter, RequirementLinkSection);
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Interfaces
Create a chapter to report on all the interfaces in the model.

Check if any dictionaries are linked within the model using the
systemcomposer.rptgen.finder.DictionaryFinder finder.

df = DictionaryFinder(model.Name);
dictionary = find(df);

No Dictionaries present in the Model

boolHasNoDictionary = isempty(dictionary)

boolHasNoDictionary = logical
1

Since boolHasNoDictionary is true, create a separate chapter for interfaces to report on all the
interfaces associated with the model using the
systemcomposer.rptgen.finder.InterfaceFinder finder.

if boolHasNoDictionary
InterfaceChapter = Chapter("Interfaces Appendix");
interfaceFinder = InterfaceFinder(model.Name);
interfaceFinder.SearchIn = "Model";
while hasNext(interfaceFinder)
intf = next(interfaceFinder);
interfaceName = Section(intf.InterfaceName);
append(interfaceName, intf);
append(InterfaceChapter, interfaceName);
end
end

Profiles
Create a chapter to report on all the profiles in the model.

Find all the profiles using the systemcomposer. rptgen.finder.ProfileFinder finder.

ProfileChapter = Chapter("Profiles Appendix");
pf = ProfileFinder("TestProfile.xml");
while hasNext(pf)
intf = next(pf);
profileName = Section(intf.Name);
append(profileName, intf);
append(ProfileChapter, profileName);
end

Stereotypes

Create a section to report on all the stereotypes in the profiles in the model.

Find all the stereotypes using the systemcomposer.rptgen.finder.StereotypeFinder finder.
StereotypeSection = Section("Stereotypes");

st = StereotypeFinder("TestProfile.xml");

while hasNext(sf)
stf = next(sf);
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stereotypeName = Section(stf.Name);

append(stereotypeName, stf);

append(StereotypeSection, stereotypeName);
end

append(ProfileChapter, StereotypeSection);

Final Report

Add all the chapters to the report in the desired order.

append(rpt, Introduction);
append(rpt, ArchitecturalElements);
append(rpt, ViewChapter);
append(rpt, Packaging);

append(rpt, AllocationChapter);
append(rpt, ReqChapter);
append(rpt, InterfaceChapter);
append(rpt, ProfileChapter);

rptview(rpt)

See Also
importModel | exportModel

More About

. “Compose Architectures Visually” on page 1-2

. “Create Architecture Views Interactively” on page 11-5

. “Create and Manage Allocations Programmatically” on page 8-8
. “Manage Requirements” on page 2-8

. “Define Port Interfaces Between Components” on page 3-2

. “Define Profiles and Stereotypes” on page 5-2
. “Import and Export Architecture Models” on page 13-5
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