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Architecture Model Editing

* “Compose Architecture Visually” on page 1-2

* “Decompose and Reuse Components” on page 1-15

* “Create Spotlight Views” on page 1-24

* “Build an Architecture Model from Command Line” on page 1-27

* “Create Architecture Views Interactively” on page 1-31

* “Creating Architectural Views Programmatically” on page 1-36

* “Import and Export Architecture Models” on page 1-39

» “Display Component Hierarchy Using Hierarchy Views” on page 1-45



1 Architecture Model Editing

Compose Architecture Visually

In this section...

“Create an Architecture Model” on page 1-2
“Components” on page 1-4

“Ports” on page 1-8

“Connections” on page 1-11

“Importing Architectures” on page 1-13

Create and edit visual diagrams to represent system architecture in System Composer™. Use visual
architecture elements, components, ports, and connections in the system composition. Model
hierarchy in architecture by decomposing components. Navigate through the hierarchy.

Create an Architecture Model

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

* At the command line, type
systemcomposer

Select Architecture Model.

New Examples
'3 Open... All Templates  w E
Recent N -
» SoC Blockset
Projects

i@ From Source Conirol > Stateriow

v System Composer

Create Model

Architecture Model v

> Vehicle Dynamics Blockset

> Vision HDL Toolbox
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Compose Architecture Visually

* From a Simulink model or a System Composer architecture model. On the Simulation tab, select

New "L.rJ and then select Architecture EEE.
* At the MATLAB command line, type:

archModel = new system('ModelName', 'Architecture');
open_system(archModel)

where ModelName is the name of the new model.

¥ untitled - Simulink - O Y

L - g ln_ _-;' Stop Teme | 10.0 e =
=
W ow - COMPONENT | viEW g || Normal -
L st COMPONENT | VIEWS | COMPILE Run Ston
o - Editor v  Swerechpe 5
- - L
MANAGE DESIGH FPROFILES SIMULATE -
Tools,
- untithed =
& =
: untitied 3
i @ 2
3 g
= =
[1]
- 8
&
ks
|
Ready 100% VariableStepAuto

Save the architecture model. On the Simulation tab, select Save All 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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2 Robot ® - Simulink - O 4
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palette . =S58 (& -~
-
[ Interface Editor
I
< 2| P >
Ready TO% VanableStepAuto

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. 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.

Add Components
Use one of these methods to add components to the architecture:

* 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. Click the light blue outline to commit.
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Compose Architecture Visually
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* Create a single component from the palette —
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* Create multiple components from the palette —

Name a 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.

g

Sensor




Compose Architecture Visually

Move a Component

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

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

o]

T Component1

° %

2 Left-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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1 Architecture Model Editing

1-8

Componenti

2 By
3 Release the mouse button when the component reaches the size you want.
Delete a 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 or right-click and select Delete from the context
menu.

Ports

A port represents the connection point of a component to other components. 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 Interfaces” on page 3-2.

Add a 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

!

2 Click the port outline. The component is shaded blue and a port arrow appears.

3 Click the arrow to commit the port. You can also name the port at this point.



Compose Architecture Visually

Sensor

buol

An output port is shown with the %) icon and an input port is shown with the € icon. By default, a
port created on the top or left edge of a component is an input port, and a port created on the bottom
or right edge is an output port. To designate port direction at creation, after you click the edge, pause
over the arrow outline to see direction options. Select Input or Output before committing the port.

£

You can move any port to any component edge after creation.

Add an 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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Name a Port

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

Component

> [EERE]

Ports of a component must have unique names.
Move a Port

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

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

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 a Port

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

Connections

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:

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

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.

Sensor Component1

OutBus ﬁ} ----- —-I— @ InBus
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1 Architecture Model Editing

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.

unt'ltleu:l b b
untitled
F
Component T
Sensor
OuwtBus B B InBus
[, il
> linBus
Motor
nBus— b InBus
Py 1

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.

Sensor

CutBus B

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.

1-12



Compose Architecture Visually

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

DulBus )t InBus

_I_

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

Importing Architectures

By combining the programmatic APIs of System Composer with MATLAB® support for loading and
parsing many different file and databased formats, you can import external Architecture descriptions
into System Composer. You can setup a profile with Stereotypes ahead of time to capture the
Architecture properties represented in such descriptions. Subsequently, you can use MATLAB
programming to create and customize the various Architectural elements through the set of
programmatic APIs.
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See Also

More About

. “Decompose and Reuse Components” on page 1-15
. “Define Interfaces” on page 3-2

. “Assign Interfaces to Ports” on page 3-5
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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 a 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. You can use the

navigation arrows <« ﬂ on the toolbar to move through the hierarchy. Use the Model
Browser to view component hierarchy.

®2 untitled/Sensor ® = Simulink - O =

Ly - = e Stop Time | 10.0 -
£1 ) 3 =/
= = COMPONENT | ViEwS | compiLg || Normal -
—a - -
- -
@ - v . b i
MANAGE DESIGH FROFILE SIMULATE ry
Toois,
- SEnLo b
A g
5 &
& 2
- Sensor )
§ @ g
o1
A @
=
= s
[
B
= GPS Gyro ]
=
L
e
B
B
h
i L
Ready 100% \ariableStepAuto

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

P PosCommand

DutBus B P InBus CuiBus P P InBus
P Position

Encodear

2 Create a component from the selected elements using Architecture > Create Component

Compeonent

P Learae B Coaa CES

ClutBues

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 a 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 component and select Save as Architecture Model.
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Decompose and Reuse Components

Sensor
OutBus B

Explore
Open
Open In New Tab
Open In Mew Window

& Cut Ctrl+X

Copy Ctrl+C
Paste Ctri+W
Delete Del
Save As Architectl.l[.}h"ludel...
Link to Meodel...

e N e .-/*-

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 compeonent as an architecture model — O >

Specify architecture model name to save and link component.

New model name: |Sen5crrReﬂ Browse...

Cancel Help

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

Use a 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 component and select
Link to Model.
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Decompose and Reuse Components

Trajectory Planning

—{ InBus
Cor
%
—{: InBus

Explore

Open

Open In Mew Tab
Open In New Window

Cut

Copy
Paste

Delete

Save as architecture model...

Create Simulink behavior...

Link to model._..

Apply prototype

ot ors + frours T

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_algorithm =

* UserCommand
* (Dbstaclelnfo

» SensorData

path &

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.

Inline a 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 inline the reference architecture to make local changes possible. Right-
click a linked component and select Inline Model.
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1-20

Sensor
= Sensar =

[* Motionlnfo Explore

Open

Open In New Tab
Open In New Window
Open As Root Model

& Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Delete Del
Inline Mndet&
Add Variant Choice
Apply Stereotype r

Fl F gy Fl

This operation provides two options:

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

» Inline both interfaces and contents — Ports, interfaces, and subcomponents of the reference
architecture are copied to the component.

Once the reference architecture is inlined, 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.

Create Variants

A component can have multiple design alternatives, or variants. 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.

Add variation to a component. Right-click the component and select Add Variant Choice.



Decompose and Reuse Components

Sensor
B+ Motionlnfo Explore

Cpen
Open In Mew Tab
Open In New Window

dt Cut Ctrl+X

Copy Ctri+C
Paste Ctrl+W
Delete Del

Save As Architecture Model..
Link to Model...

Add Variant Choice I},

AP?""“‘“W- P W

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.
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RobotArch Sensor X
* Rohot.ﬁ.rchbDEensorb b
& Sensor (Variant)
™~ Sensor
E [ Mationlnfo SensorData [
Sensor
arianti
b= Motioninfo SensorData b— =
r |:| Component
Mationlnfo SensorDala
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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 > <variant_name>. The active choice is displayed in the header of
the block.
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il GF &<

Sensorsi
wariant1

Explore
r Open
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Open In New Window

Cut Ctri+X
Copy Ctrl+C
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Delete Del
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Open in Variant Manager
Create Spotlight From Component
See Also
More About
. “Create a Simulink Behavior Model” on page 5-2
. “Link to an Existing Simulink Behavior Model” on page 5-4

. “Create Spotlight Views” on page 1-24

k

4

Choice (Compenent)

" Variant1 (Sensors)
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Create Spotlight Views

Any system being designed for a real application is usually very 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 of interest.

To create a spotlight from the composition, select the component of interest in the canvas, right-click
and select Create Spotlight from Component either from the Architecture menu or the context

menu.
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Create Spotlight Views

The spotlight view launches and shows all model elements to which the component connects in a
transparent hierarchy. The spotlight diagram is laid out automatically and cannot be edited.

 ——

-

While in the spotlight view, you can put another component in the spotlight. Select the component

=
and click .
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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. Show the spotlight view in a
dedicated window by first selecting Open in New Window in the component context menu and then
creating the Spotlight view. Spotlight views are dynamic. Any change in the composition refreshes
any open spotlight views. Spotlight views are transient—they are not saved with the model.

You can return to the architecture model view by clicking the O icon. To view the architecture at
the level of a particular component, select the component and click the l== icon.

See Also

More About

. “Compose Architecture Visually” on page 1-2
. “Decompose and Reuse Components” on page 1-15
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Build an Architecture Model from Command Line

This example shows how to build an architecture model using the System Composer API.

Prepare Workspace

systemcomposer.profile.Profile.closeAll;

Build a Model

Add Components, Ports, and Connections

model = systemcomposer.createModel('mobileRobotAPI");

arch = model.Architecture;

components = addComponent(arch, {'Sensor', 'Planning', 'Motion'});

sensorPorts = addPort(components(l).Architecture,{'MotionData', 'SensorData'},{'in', 'out'});
planningPorts = addPort(components(2).Architecture,{'Command', 'SensorData', '"MotionCommand'},{'in
motionPorts = addPort(components(3).Architecture,{'MotionCommand', '‘MotionData'},{'in', 'out'});
c_sensorData = connect(arch,components(1l),components(2));

c_motionData = connect(arch,components(3),components(1l));

c_motionCommand = connect(arch,components(2),components(3));

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

The connect command requires a component port as argument. Obtain the component port and
connect:

compPort = getPort(components(2), 'Command');
c_Command = connect(archPort, compPort);

Save the model.

save(model)

Open the model

open_system(gcs);

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

Simulink.BlockDiagram.arrangeSystem( 'mobileRobotAPI");
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mobileRobot #

mobileRobot

t 4l Command

Planning

Motion Sensor Commeand p— > Command

MotionCommand B

b MotionCommand MoticnData b b MotionData SensorData b b SenzorData
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Create and Apply Profile and Stereotypes

Profiles are xml files that can be applied to any model.
Create a Profile and Add Stereotypes

Create a profile.

profile = systemcomposer.createProfile('GeneralProfile');
Create a stereotype that applies to all element types:

elemSType = addStereotype(profile, 'projectElement');

Create stereotypes for different types of components. These types are dictated by design needs and
are at the discretion of the user:

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 stereotypes. You can use properties to capture metadata for model elements and
analyze non-functional 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','qg");
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"');
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Apply Profile to Model

Apply profile to the model:

applyProfile(model, 'GeneralProfile');

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

applyStereotype(components(2), 'GeneralProfile.softwareComponent')
applyStereotype(components(1l), 'GeneralProfile.physicalComponent")
applyStereotype(components(3), '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(components(1l), 'GeneralProfile.projectElement.ID', '001");

setProperty(components(1l), 'GeneralProfile.projectElement.Description','''Central unit for all se
setProperty(components(1l), 'GeneralProfile.physicalComponent.Cost', '200"');
setProperty(components(1l), 'GeneralProfile.physicalComponent.Weight', '450");
setProperty(components(2), 'GeneralProfile.projectElement.ID', '002");

setProperty(components(2), 'GeneralProfile.projectElement.Description’,'"''Planning computer''');
setProperty(components(2), 'GeneralProfile.softwareComponent.develCost', '20000");
setProperty(components(2), 'GeneralProfile.softwareComponent.develTime', '300"');
setProperty(components(3), 'GeneralProfile.projectElement.ID', '003");

setProperty(components(3), 'GeneralProfile.projectElement.Description','"''Motor and motor control
setProperty(components(3), 'GeneralProfile.physicalComponent.Cost', '4500");
setProperty(components(3), 'GeneralProfile.physicalComponent.Weight', '2500");

Set the properties of connections to be identical:

connections = [c sensorData c motionData c motionCommand ¢ 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

Create an Interface

Create a data dictionary and add an interface:

dictionary = systemcomposer.createDictionary('SensorInterfaces.sldd');
interface = addInterface(dictionary, 'GPSInterface');

Link the interface to the model:
linkDictionary(model, 'SensorInterfaces.sldd');

Identify the interface in the dictionary:
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interface GPS = getInterface(model.InterfaceDictionary, 'GPSInterface');

Set the interface for the port:

setInterface(sensorPorts(2),interface GPS);

Save Data Dictionary

Save the changes to the data dictionary.

dictionary.save();

Clean Up

Uncomment the following code and run to clean up the artifacts created by this example:
dclose('mobileRobotAPI');

% b
% systemcomposer.profile.Profile.closeAll;
% delete('SensorInterfaces.sldd');
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Create Architecture Views Interactively

Typically, the structural hierarchy of a system differs from the hierarchy of the functional
requirements. With architecture views, you can sketch the system based on different hierarchies. For
example, you can author a system using the requirements. This allows you to better understand what
components you need to satisfy your requirements while not necessarily focusing on the structure.

You can create an architecture view interactively. This example uses the architecture model for an
unmanned aerial vehicle (UAV), scExampleSmallUAV, to create filtered and free form views. The
view created shows the components having an interface for the light commands.

Create Filtered Views
To create a filtered view:

1 Inthe MATLAB command window, enter scExampleSmallUAV. The architecture model opens in
the Simulink Editor.

2 In the Views section, click Architecture Views to open the Architecture Views Editor.

VIEWS

. [k =0 =
I:I‘_I:I % 2 [ f_? P (| ood
New Save 1| ¢~ Component Hierarchy
View E diagram diagram
FILE COMPOMENTS CANVAS MAVIGATE REQUIREMENT DIAGRAM DISPLAY EDIT
VIEW BROWSER ELEMENT PROPERTIES
Name Value
MODEL COMPOMNENTS REQUIREMENT LINKS

4 [ scExamplesmalluAvModel
4 == Airframe
™ Fuselage
== LandingGear
™= Tail and Boom
= wings
4 ™ Flight Support Components VIEW FILTER
4 = ADSBE Module
™= ABDSB Antenna
= ADSE Board
4 ™ GPS Module

3 Click New View to open a Create View dialog box.
4 In the Name box, enter a name for this view. For example, light command view.
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Create View
Name: Color:
| light_command_view | -
Description:

Description of view

["1Include referenced models

Filter View v

5 Select Create and observe that a new view is created.

VIEWS
=5 = »

b

I:II:II:| E = @ @ 2 (]| ] [T
New Save NET &~ Component Hierarchy
View B @ diagram diagram A
FILE COMPOMENTS CANVAS MNAVIGATE REQUIREMENT DIAGRAM DISPLAY EDIT a
VIEW BROWSER light_command_view VIEW PROPERTIES
Name Value

V‘ light command view

| . light_command_view
4 Main

Mame light_command_view

[l light_command_view

MODEL COMPONENTS REQUIREMENT LINKS
4 [ 7] scExampleSmalluAVModel No links
4 == Airframe
== Fuselage
== LandingGear
™= Tail and Boom
= wings
4 = Flight Support Components VIEW FILTER
4™ ADSB Module Mode:
= ABDSB Antenna

™= ADSE Board
+ ™= GPS Module |ep Add Default | [ep Add Custom | ’
3]

b

In the View Filter pane, select Add Default to add a new form-based criteria to the filter.

7 From the Select drop-down list, select Components with a port which have an
interface. From the Where drop-down list, select Name, and in the text box, enter the name of

an interface in the architecture model. For example, enter LightCmd.

VIEW FILTER
< Apply Query | | X Revert Changes Mode:

| - ] [contains - ] |IightCmd |

Select [Components with a port which have a... ~ ] Where | Name

e} Add Defautt] (ejs Add Custom | Group By [None -
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8 Click Apply Query. The dialog box closes and an architecture view is created using the query
from the Filter box. The view is filtered to select all the components for which the 1ightCmd

interface is applied.

. light_command_view

] m
w Q w
& 2 2
I ™ Var
. o~
FlightComputer
|J GS Commands [

Ve

; Payload Cmds Airframe
aT r

] [ |

.C EngineStatus Contral Surface Cmds [> j ctriSricDeflection
( FuelLevel L—,—\ lightCmds

S
lightCmds - l

(" PwrStatus
N

—\

Telemetry
[

Create Freeform Views
You can also create a freeform custom view without using a filter.

Click New View.

2 Inthe Name box, enter a name for this view. For example, use
light command_view freeform. From the drop-down menu, select Freeform View. Select

Create.

Create View

Name: Color:

light_command_view_freeform [

Description:

Description of view

Include referenced models

Freeform View v

3 To add components to the view, drag and drop components from the Model Components. Drag
and drop Airframe, Fuselage, and Payload components to your model. Alternatively, you can use
the keyboard shortcut Ctrl+I to add component instantiations to your view.
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VIEW BROWSER light_command_view_freeform <
» . light command view Y/ light_command_view_freeform g
» [l tight_command_view_f... 4 . . N 2
light_command_view_freeform g
- - - m
!
m
w
)
m
g
| Airframe < 2
=
‘' ensifeDefiecton :
scExampleSmallUAVModel b
- % lightCmds —
™ Fuselage |
™9 LandingGear
[™ Tail and Boom
™ Wings
4 ™ Flight Support \ J
Components
I4 VIEW FILTER 4|

You can use the keyboard shortcut Delete to delete components from the view.
4  Observe that the free form view is created.

. light_command_view_freeform

Airframe

(- ciriSricDeflection

‘ Fuselage <

( lightCmds

[Payload * ]

I

( operatorCmds Data Link )

5 To group components, select (press Shift and click) the Airframe and Payload components and
then the Group.
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[Might_command_view_freeform

Group1
Payload *
(| oprorcmes osta Link )
|Airframe ’°|

(C FahiCmds

|
Cl
|

Fuselage <

To ungroup components, select the components and click Ungroup.

6 Switch between the light command view freeformand light command_ view by selecting
the desired view from the View Browser.

| SHNIT ININIHINOIY | S31LHIJ0Hd MIIA

w VIEW BROWSER (v} light_command_view o
» . Iight_oomrqa\nd_view V | - | light_command_view
» . Iightﬁcommya“ndiviewjreeform . |ight command view 3
8 T
@ jo [m)]
: & 3
a = a
O] < <
e\ S\
FlightComputer *
GS Commands
Payload Cmds Airframe
MODEL COMPONENTS dT
=] Pitot Tube Module -
.- EngineStatus Control Surface Cmds > 1> ctriSrfcDeflection
™4 Main Board REle] & lightCmds
™ Protective Case lightCmds |-
™ Telemetry Antenna PwrStatus
4 ™ Payload
4 [ Payload ~
™5 Gimbal ’g
™ Payload Retraction System 2
2
™ Payload Data Link L J
4 ™| Propulsion -
14 VIEW FILTER |

|
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Creating Architectural Views Programmatically

1-36

You can create an architecture view programmatically. This section constrains two examples for
creating views programmatically from the MATLAB script createArchitectureViews.m.

1

Import the package where the queries are so you don't have to always use
systemcomposer.query.

import systemcomposer.query.*;
Open the Simulink project file.

scKeylessEntrySystem
Load the example model into Simulink.

zcModel = systemcomposer.loadModel( 'KeylessEntryArchitecture');

Example 1: Hardware Component Review Status

Create a filtered view that selects all of the hardware components in the architecture model and
groups them using the ReviewStatus property.

1

Construct the query to select all of the hardware components.
hwCompQuery = HasStereotype(IsStereotypeDerivedFrom("AutoProfile.HardwareComponent"))
hwCompQuery =
HasStereotype with properties:
AllowedParentConstraints: {[1x1 meta.class]}
SubConstraint: [1x1 systemcomposer.query.IsStereotypeDerivedFrom]
SkipValidation: 0
Use the query to create a view.
zcModel.createViewArchitecture("Hardware Component Review Status",...
hwCompQuery, ... % The query to use for the selection
"AutoProfile.BaseComponent.ReviewStatus",... % The stereotype property to qualify by
"IncludeReferenceModels",true,... % Include components in referenced models

"Color","purple");

zcModel.openViews;
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VIEWS

. =5 "
EI‘:II:I E 5 3 | |4 Open Reguirements Editor = 37
L L/ fnn] i _ | St
c? Link to selected requirement -

New Save =g Focus Component Hierarchy
View - [B] Requirements Manager diagram diagram -

FILE COMPQONENTS CANVAS MNAVIGATE REQUIREMENT DIAGRAM DISPLAY EDIT

VIEW BROWSER Hardware Component Review Status

3 . Software Component Review V - Hardware Component Review Status
3 D Sound System Supplier Breakdown [l Hardware Component Review Status

| SHNIT INTNIHINGIH | S31143d0oud MIIA |kl

4 . Hardware Component Review ?|

4 Reviewed
%= Front Driver Door Lock Actuator Reviewed
%3] Front Pass Door Lock Actuator
3] Rear Pass Door Lock Actuator
» 7% Rear Receiver Rear Pass Door Lock A... ~ |
— ) <DoorLockactustors
» (=3 Center Receiver
jr—
» [22 Front Receiver
%3] Rear Driver Door Lock Actuator
™| Dashboard Speaker
== Start/Stop Button
» [ ] UnderReview ' Front Driver Door Lock ... ~ |
MODEL COMPONENTS “DonLockAduair
- cormmand
4 " KeylessEntryArchitecture
4 ™ Door Lock/Unlock System

™ Door Lock Controller

Front Receiver =4
<FOBReceiver=

-

-

VIEW FILTER

Mode: I@ﬂ -Cod e

-

= Select | Components ~ | Where |Sterectype | - | |isa - | |AuLUProﬁle.Har[IwareCompU..
4 [ Engine Control System

Ilf,]:l Add Default | II:I']J Add Custom | Group By | AutoProfile.BaseComponent.ReviewSt... -

™ Brake System

™= Engine System

Example 2: FOB Locator System Supplier View

This example shows hot to create a freeform view that manually pulls the components from the FOB
Locator system and then groups them using existing and new view components for the suppliers.

1 Create a view architecture.

fobSupplierView = zcModel.createViewArchitecture("FOB Locator System Supplier Breakdown",...
"Color","lightblue");

2 Create a new view component for supplier D and add the FOB Locator module to it.

supplierD = fobSupplierView.createViewComponent("Supplier D");
supplierD.Architecture.addComponent("KeylessEntryArchitecture/FOB Locator System/FOB Locator Module");

3 Create a new view component for supplier A.

supplierA = fobSupplierView.createViewComponent("Supplier A");
4 Add each of the FOB receivers to view component.

FOBLocatorSystem = zcModel.lookup("Path", "KeylessEntryArchitecture/FOB Locator System");

receiverCompPaths = zcModel.find(...
contains(systemcomposer.query.Property("Name"), "Receiver"),... % Find all the components which contain the name "Receiver"
FOBLocatorSystem.Architecture);

for i = 1l:numel(receiverCompPaths)
% Add each of the components to supplier A
supplierA.Architecture.addComponent(receiverCompPaths{i});
end
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5 Open the Views Editor.

zcModel.openViews;

VIEWS

= b Open Requirements Editor =0
|:I‘:II:| E = = L} B0 | 5 ik to selected " (=} oo
New Save | Focus ¢ Linktoselectedrequirement  ~ Component Hierarchy
View - @ Requirements Manager diagram diagram
FILE COMPONENTS CANVAS NAVIGATE REQUIREMENT DIAGRAM DISPLAY
VIEW BROWSER FOB Locator System Supplier Breakdown
3 . Door Lock System Supplier FOB Locator System Supplier Breakdown
» . Key FOB Position Dataflow V
» [l Software Component Review )/ [ ]FOB Locator System Supplier Breakdown
3 D Sound System Supplier
| 3 |:| FOB Locator System Supplier |
Supplier A Supplier D
Front Receiver * ik
<FOBReceiver>
R 1
RxSignal - - -
RxSignal FrontReceiver
MODEL COMPOMENTS
| Kedl Fdss ool LOCK Sensor - CEntErRECEiVEI
4 ™= Engine Control System
| Brake System RearReceiver

™= Engine System
™| Keyless Start Controller
™= Start/Stop Button

™= Transmission System
4 ™ FOB Locator System Center Receiver

<FOBReceiver>

B

o {}

£
) \

RxSignal

B -
r RxSignal

4 ™ Lighting System

™= Cabin Lights

™= Headiights

™= Lighting Controller
4 ™ Sound System

™= Dashboard Speaker

-

= Qruind Cantrallar

14 VIEW FILTER |

6 Close the model.

zcModel.close('Force');

Finding Elements in a System Composer Model Using Queries

This example shows how to find components in a system composer model using queries.

1  Open the MATLAB script.

open('scExampleModelFind")
2 Review the 6 example queries.
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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 a 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 component name.
* 1IDis a user-defined ID used to map child components and add ports to components.
* ParentID is 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 port name.
* Direction is an input or output port direction.
* 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 ComplID
Portl Output 1 1
Port2 Input 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 connection name.

* ID is connection ID used to check that the connections are properly created during the import
process.

* SourcePortID is the ID of the source port.
* DestPortlID is the ID of the destination port.

Name ID SourcePortID DestPortID
Connl 1 2
Conn2 3 4

Import a Basic Architecture

Import the basic architecture from the tables created above into System Composer from the MATLAB
Command Window.

systemcomposer.importModel('importedModel', components,ports,connections)

The basic architecture model opens.

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 the Basic Architecture Import
You can import other model elements into the basic structure tables.
Import Interfaces and Map Ports to Interfaces

To define the 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, and minimum and maximum values are passed to the importModel function in a table
format shown below.



Import and Export Architecture Models

Name Parent |DataTyp |Dimensions |Units Complexi|Minimum [Maximu
e ty m

interfacel

eleml interfa |interfa |1 e real " T
cel ce3

interface2 1 "“ real e K

elem2 interfa |1 o real T T
cel

Note Anonymous interfaces cannot be the data type of elements.

To map the added interface to ports, add column InterfaceName in the ports table to specify the
name of interface to be linked. For example, interfacel is mapped to Portl as shown below.

Name Direction ID ComplD InterfaceName
Portl Qutput 1 1 interfacel
Port2 Input 2 4 interface2
Portl 1 Output 3 2 "

Portl 2 Input 4 3 interfacel

Import Variant 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.

Next example shows how to add a variant component VarComp with choices Choicel and Choice2
and set Choice?2 as active choice.

Name ID ParentID |Referenc |Compon |ActiveCh |VariantC [VariantC |Stereoty
eModelN |entType |oice ontrol ondition |peName
ame

root 0

Compone |C1 0

ntl

VarComp |V2 0 Variant |Choice2

Choicel (C6 V2 petrol

Choice2 (C7 V2 diesel

Compone |C3 0

nt3

Compone (C4 C1

ntl 1
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Name ID ParentID |Referenc |Compon |ActiveCh |VariantC |VariantC |Stereoty
eModelN |entType |oice ontrol ondition |peName
ame

Compone |C5 C1

ntl 2

Pass the modified components table along with the port 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.

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.

Name ID ParentiD StereotypeNam |UAVComponent |AVCompone
es _OnboardEleme |nt_OnboardE
nt_Mass lement_Pow
er
root
Component 1 1 0 UAVComponent.0(0.93{kg} 0.65{mW}
nboardElement
Component 1 1 |2
Component 1 2 |3 UAVComponent.0{0.93{kg}
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.

* SourcelD is the architecture 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.

Label SourcelD DestinationTy |DestinationID Type
pe

rset#l components:1 |linktype rmi |C:\Temp Implement
_slreq \rset.slregx#1
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Label SourcelD DestinationTy |DestinationID Type
pe

rset#2 components:0 [linktype rmi |C:\Temp Implement
_slreq \rset.slreqx#2

rset#3 ports:1 linktype rmi |C:\Temp Implement
_slreq \rset.slreqx#3

rset#4 ports:3 linktype rmi [C:\Temp Implement
_slreq \rset.slreqx#4

Specify Multiple Elements on an Architecture Port

In the connections table, you can specify multiple signal interface elements as the source element
or destination element. Connections can be formed from a root architecture to a component port,
from a component port to a root architecture, or between two root architecture ports of the same

architecture.

Interfaces

= e

it t—'?‘ elemSelection.slx

v [ eleciricinterface

elem

ali

v [ mobilelnterface

nterface

* mobile (electricinterface)

alem

ali

The interface element mobile with nested element 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.

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
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RootToRoot 5 5 6 mobile,mobile.
alt

Export an Architecture

To export a model, pass the model name and as an argument to the exportModel function. The
function returns a structure containing four tables components, ports, connections,
portInterfaces, and requirementLinks.

>> exportedSet = systemcomposer.exportModel (modelName)

You can export the set to MATLAB tables and then convert those tables to external file formats,
including Microsoft® Excel®, databases, or XMI.

[E| 1x1 struct with 5 fields

Field Value
HH components Ixd table
HH ports 3x5 table
EH connections Ixd table
tH portinterfaces IxD table

d..JC &

B requirementlinks  4x15 table

See Also
systemcomposer.exportModel | systemcomposer.importModel




Display Component Hierarchy Using Hierarchy Views

Display Component Hierarchy Using Hierarchy Views

This example shows how to use Hierarchy Views to visualize component hierarchy as a tree diagram
with component stereotypes, stereotype properties, and the reference type a component instantiates.

Any component diagram view can be optionally represented as a hierarchy diagram. The Hierarchy
View displays the components in a tree form. Hierarchy View shows the same set of components
visible in the component diagram view, and the components displayed in the view are selected and
filtered in the same way.

This example uses an architecture model representing a keyless entry system for a vehicle to show

the Hierarchy View. For more information about the keyless entry system, see “Modeling System
Architecture of Keyless Entry System” on page 6-30.

Switch Between Component Diagram and Hierarchy Diagram

1 To open the scKeylessEntrySystem project, use the command below.

scKeylessEntrySystem
To open the architecture views, on the Modeling tab, select Architecture Views.

3 From the View Browser, select Software Component Review to display the component
diagram.

nnnnnnnn

FOB Locsior Module

mmmmmmmmm

4 On the Views tab, select Hierarchy diagram.
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50
o0

el

(wia'w}

Component diagram Hierarchy diagram

DHAGRAM

5 Observe the Hierarchy View that corresponds to the same set of components.

. Software Component Review Status

| NeedsReview

Door Lock Controller
Ponts

I frontDriverSensor

in frontPassSensor

in  keylLocation: KeyFOBPasition

in  rearDriverSensor

In  rearPassSensor

oul doorStaius DoorStalus

out frontDriverCmd

out frontPassCmad

out rearDivercma

oul rearPassCmd
|xBaseComponents

Caost: double {USD) = 1000

Latency double (ms) =0

ReviewStalus: REVIEWSIAIUS = ‘NeedsReview'
|«SoftwareComponents

| ImplementationL.anguage: ImplLanguage = “Simulink

WCET double (ms) = 30

| FOB Locator Module
‘Pﬁﬂ& | Ports.

r
| | Reviewed

L 1

L

i Lighting Controller
Fe

in CenterReceiver. FOBSignal | | in engineStatus: EngineStatus
In  FroniReceiver FOBSignal In  keylLocation: KeyFOBPosition
in RearReceiver. FOBSignal oul cabinLightCmd

out keyLocation: KeyFOBPostion o0t headiightCmd
«BaseComponents «BaseComponents

Cost: goubie (USD) = 15 Cost Gouble (USD) =5

Latency. double (ms) = 0 Latency: double (ms) = 0

| | sound Controller

kP‘ﬁfl’s
in  doorStatus: DoorStatus
in engineStatus. EngineStatus
in  keylocation KeyFOBPosition
out soundCmd

‘«BaseComponents
Cost gouble (USD) = 50
Latency: deuble (ms) =0

¢ | R tatus = ‘Reviewed ReviewStatus: ReviewStatus = ‘Reviewed
«SoftwareCamponents | leSofwareComponents «SoftwareComponents
ImplementationLanguage’ ImpiLanguage = ‘Simulink | | ImplementationLanguage: implLanguage = ‘Simulink' | | Implementationl_anguage: ImplLanguage = ‘Cpp'

WCET: double (ns) = 50 WCET: doudle (us) =15

WCET. doutle (ms)= 1

‘ UnderReview

Keyless Start Controller
Forts.
in  buttonPressed
i cumentGear
in engineStalus: EngineStatus
in isPedalDepressed
in keyLocation KeyFOBPosition
oul engineCmd
«BaSECHMPOnEnts
Cost. double (USD) = 2000
Latency: double (ms) = 0
ReviewStatus. ReviewStalus = UnderReview’
SofwareComponents
ImpiementanonL anguage: IMpiLanguage = ‘SImuiink
WCET: doubie (ms) = 15

The single root of the hierarchy diagrams show a single root, which is the view specification itself.
The root corresponds to the containing system box shown in the component diagram. The
connections in the hierarchy diagram originate from the child components and end with a diamond
symbol at the parent component.
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2 Requirements

Manage Requirements

Manage requirements and architecture model together in the Requirements perspective from
Simulink Requirements™. Select Apps > Requirements Manager.

1 RobotWithRegs * - Simulink - m| *
File Edit Wiew Display Architecture Simulation Analysis Code Tools Help
(4 = el ’ i

-5 - an @B @ GO P Y- [wo | »| @ ~ | ~
= RobotWithRegs o
% ® |[Z]RobotwithRegs b - g
m
o -~ =)
2@ g
|| = RobotWithReqs E

3 g

O Sensor = Trajectory planning

[

User Interface
il

L 1m v

Requirements - RobotWithReqs P>

veu: [~ [B0/H] EEE EEEE

v |h| RobotRequirements

vwi[E1 #1 Robot Locomotion
=l 1.1 #2 Ability to sense environment and self-location
=l 1.2 #6 Ability to detect obstacles
g 2 #3 Display

Ready 114% VariableStepauto

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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exMobileRobot
|e‘xMobiIeRDth 3 -
A
exMobileRobot
D Communication El Command =] Sensor
f — N -
(P Sen:oilata Fpedback D j—dllFeedback SensorData < 4@- InBus SensorData D':
:
_ "\ Docking % Feedback {1
. 2 !
2
|§| ENTS
(i@ E‘ E| OutBus D:: —:l.‘v" InBus MotionData D:: nmv
< >
Requirements - exMobileRobot ¥ x
View: [Requremenss - | (B3] O] W] [&] - [=] (4] & e
Index D Summary Ll
hd H MobileRobotRequirements
> B 1 #1 Motion
> B 2 #4 Trajectory Planning
> E 3 #2 Communication
> E 4 #3 Obstacle avoidance
> B s #23 Power e

To directly create a link, drag a requirement onto a component.
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El
Battery
M
E QutBus |:=- —

|
WY IMPLEMENTS

H#15: Battery life Ly

O B [

dhlz

<

=]
2

Requirements - exMobileRobot

View: | Reguirements ~ Eﬂ, L 3 E (= || 1E JE ﬂ @

Index ID Summary
v E 4 #3 Obstacle avoidance
> B 41 #29 Sensing
E 4.2 #30 Obstacle reaction
v B 5 #23 Power
E 5.1 #15 Battery life
» [El 5.2 % #29 Docking station

You can close the annotation that shows the link as necessary. This 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.
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RobotWithRegs
® ([ RobotwithRegs » -
-
Ct
]
-
User Interface =
E Exit: perspective
L L
)ﬂ
O S Requirements &S v
<

For more information on managing requirements, see “Manage Navigation Backlinks in External

Requirements Documents” (Simulink Requirements).

See Also

More About

L]

“Link Blocks and Requirements” (Simulink Requirements)
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* “Define Interfaces” on page 3-2

* “Assign Interfaces to Ports” on page 3-5

* “Save, Link, and Delete Interfaces” on page 3-8
* “Interface Adapter” on page 3-14



3 Interface Management

Define Interfaces

A system engineering solution includes a formal definition of the interfaces between components. A
connection shows that two components have an output-to-input relationship; an interface defines the
type, dimensions, units, and structure of the data. You can define interfaces using the Interface
Editor.

To show the Interface Editor, in the Design section, on the Modeling tab, select Interface Editor.
The Interface Editor will open along the bottom pane.

exMobileRobot |:§=|

Joyaadsu) Apadosd

.
O
£

- . .
§ @© [F]exMobileRobot b
m
o
o | &
=] Q exMobileRobot
*le

‘Communication Command Sancor
b St-.llnullﬂfrrfl.b.e'.ﬂ b —illFeadack SensorData < B INBuE  =SensofData b
s ) & A

Dacking f‘ f : Feedback i -

z

D Battery Motor

OutBus & B InBus  MotionData B
& | i
Interfaces - X

E'l-ari' 7 ~ || Search Q

@ exMobileRobot.slx

Interfaces
Readv 80% VariableStepAuto

Create Interface

To add a new interface definition, click the |=_‘5| icon. Name the interface.
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Interfaces = ¥

@ @; - || A = || Search L.{|

~ @ exMobileRabot.slx

1] sensordata

To add an element to the interface, click the |~E'J icon. Interface and element names must be valid
variable names.

Interfaces

5 | -]

~ i@ exMobileRobot slx
« [ sensordata
coordinates

motorspeed

You can delete interfaces and elements in the Interface Editor using the |§§| button.

You can view and edit the properties of an element in the Property Inspector. Right-click the interface
element and select Inspect Properties.

Property Inspector L

Interface : sensordata | Element : motorSpeed

Properties
Type double
Dimensions 1
Units
Complexity real
Minimurm [1
Maximum [1
Description
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3-4

A hierarchical interface contains another interface. Create a hierarchical interface by assigning an
interface as the type of an interface element.

For example, let coordinates be an interface that consists of x, y, and z coordinates. GPS data
includes location information and a timestamp. If the location data is in the same format as the
coordinates interface, you can set its type to coordinates. Right-click Llocation and select Set

'"Type' > coordinates. The available interface options include all interfaces in the model, except the
parent of the element.

Interfaces

=T E,K ,ﬁ, 4 % - Search Q,

~ [# exMobileRabot slx

~ [ sensordata
coordinates
motorspeed

= [l coordinates
X
y
z

~ [5] GPSdata

timestamp

s
Inspect Properties...

Set 'Type' b | sensordata

coordinates

The defined interfaces become part of the model data dictionary.

See Also

More About

. “Assign Interfaces to Ports” on page 3-5
. “Save, Link, and Delete Interfaces” on page 3-8



Assign Interfaces to Ports

Assign Interfaces to Ports

Associate a port with an interface using the Property Inspector. To open the Property Inspector, locate
it in the toolstrip in the Design section drop down. To show the SensorData port properties,
highlight the port in the model. Expand Interface, and select the sensordata interface in the Name
drop-down menu.

Property Inspector = X
Port
Architecture Irificy
* Main
Name SensorData
Tags
 Interface
MName Create or Select ... | w
Action GPSdata
| coordinates
Stereotype ' sensordata
<Anonymous =
<empty=

You can select an interface in the model data dictionary (see “Define Interfaces” on page 3-2), or
create an anonymous interface — an interface of unstructured data whose properties are valid for
that port only. An anonymous interface does not have a structure, but does have prescribed
properties such as Type and Dimensions. You can edit the properties of the anonymous interface in
the Property Inspector.

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

Highlight the ports that use an interface definition by clicking the interface name in the Interface
Editor.
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b exMobileRaobot BE v
w 3
= i =
B ® [FJexMobileRobot » i
—_ T - "i
(TR L =
Rt Z
= m
2] o
o
b 1
[« Command Sensor
SHELRAE —'ﬁ:t:- InBus =5ensorData B
|
vy -
a7 A
= m
= 2
=]
- =
=
Motor
] (P InBus  MotionData B)i
(i
B Heh |
-
F 4 ]
Interfaces - X

(& -[@[-] 3 (& -|[searcn Q]

~ [# exMobileRobot.slx

~ [ sensordata

coordinates
motorSpeed

+ [] coordinates
X

¥

z

» [ GPSdata

A source port and the destination port to which it connects may be defined by different interfaces.
Such a connection can represent an intermediate point in design, where components from different
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sources come together. To connect components with different interfaces, use an Adapter block from
the component palette.

exMchis Rkt

B | estobiesonat b

i
|
=
= Communication Command Sensor
E b SensorQala Feedback b | Feedback SensorData < s iBia wSarsciDels b
T
[+ & & "
g ) @
: g -
5
z
Battery | Motor !
OutBus = 1 B InBus MotionData = R W o Bl

Change the number of input ports on an Adapter block the same way you add and remove component
ports. For more information, see “Ports” on page 1-8.

See Also

More About

. “Define Interfaces” on page 3-2

. “Save, Link, and Delete Interfaces” on page 3-8
. “Interface Adapter” on page 3-14
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Save, Link, and Delete Interfaces

3-8

In this section...

“Store Interfaces in a Data Dictionary” on page 3-8
“Add Referenced Data Dictionaries” on page 3-9
“Use Referenced Data Dictionaries for Projects with Multiple Models” on page 3-11

Store Interfaces in a Data Dictionary
Engineering systems often share interface definitions across multiple components or subsystems.

Interfaces in System Composer can be stored either locally in a model or in a data dictionary,
depending on the maturity of your system. 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 an interface to a new or existing data dictionary. Create a new data
dictionary by selecting Save to new dictionary. Provide a dictionary name.

Interfaces P X

= o v |lgd|~ ||| |iEL || Search Q

~ @ robotinterfaces.sidd
b [5] sensordata
v [] GPSdata

b [ coordinates

You can also add the interface definitions in the model to an existing data dictionary by selecting
Link existing dictionary.

Use the ibutton to import interface definitions from a Simulink bus object, either from a MAT-file or
the workspace.

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

= T3 |dy v |gd| ~ ||/ (sl ~ || Search (O}

~ @ robotinterfaces.sidd
b [5] sensordata
b [5] GPSdata

b [#] coordinates

=1

4 Confirm delete interface [

Are you sure you want to delete interface: 'sensordata'?
This will remove interface from all ports associated with that interface.
This action cannot be undone.

Yes, delete interface Mo Help

Note that a System Composer model and a data dictionary are separate artifacts. Thus, 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, thus allowing multiple models to share the
same interface definitions.

Add Referenced Data Dictionaries

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. To add a dictionary reference, open the Model Explorer by clicking on the

Fg button, or by selecting Model Explorer from the tab in the Design section of the Modeling tab.
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3-10

[& Model Explorer - O X
File Edit View Tools Add Help
B ==
Mode! Hierarchy ,6_7, = :' Contents of: Data Dictionary 'D:\examples\myDictionary.sidd’ (only) Cont | Data Dictionary: myDictionary
v Py simulink Root - - - =
5 Column View:  Dictionary Objects ~  Show Details 0 object(s £ - g
Bl e i ommce 3 Information for: myDictionary
- e File: D:\examples\myDictionary.sidd
‘ myDictionary Created: 2020-07-17 11:26
[Pa] exmobiterabor* Last Modified: 2020-07-17 11:26
Last Saved: 2020-07-17 11:26
Unsaved Changes:no
< >
Referenced Dictionaries
myDictionary Add

! Enable dictionary access to base workspace

> Contents Search Results

In the right side of the Model Explorer window, 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.

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

Interfaces

& ~[@-|@] [&]+][seare Q

v @ myDictionary.sidd”
[ Feedback
[#] MotionData
[ sensorData

w > otherDictionary.sidd
[] Docking
[ Otherinterface2

[ Feedback

[ Otherinterface1

The model can use any of the interfaces listed. However, you cannot modify the contents of the
referenced dictionaries from the model.

Note that 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.
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Referenced dictionaries may be useful when multiple models need to share some, but not all,
interface definitions. For instance, Model A could link to Dictionary A, which contains interface
definitions used only by Model A, and Model B could similarly link to Dictionary B. Both Dictionary A
and Dictionary B could then reference Dictionary C, which contains interface definitions shared by
both models, for example, to allow communication between the models.

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. 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.

mSystem.slx

mSupplierA.slx mSupplierB.slx

dSystem.sldd dSupplierA.sldd

dShared.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 Supplier B model, by
contrast, is linked directly to the shared dictionary dShared. sldd. 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
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used to communicate between the models mSupplierA and mSupplierB and the rest of the system
integration model.

mSystem

supplierB
supplierA < mSupplier8 >

< mSuppliera >

procinfo

@ dSystem.sldd
~ @ dShared.sldd
(4] rootCommsin
[4] rootCommsOut
[ supplaProcinfo
[ supplBProcinfo

[il] supplSharedComm

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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mSupplierA

to_cB b
rootOEMInp—{ > rootOEMIn
to cC b

b HlrootOEMIn

~ @ dSupplierA.sidd
[#] internalComms
+ |7 dShared.sidd
(i rootCommsin
[2] rootCommsOut
[ supplAProcinfo
[ supplBProcinfo
[#] supplSharedComms

See Also

More About

. “Define Interfaces” on page 3-2
. “Assign Interfaces to Ports” on page 3-5

b from_cA

cC

) toSupple i
toSupplB & —@twSupplB

toProcessinfol &

b from_cA toProcessinfo b —dftoProcessinfo
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Interface Adapter

Use the Interface Adapter to map interface elements between two ports. You can also use the
Interface Adapter to apply an interface conversion to use unit delays to break algebraic loops, or to
insert a rate transition for different sample time rates. Launch the Interface Adapter from an
Adapter block on the connection between the ports.

Sensor
[ InBus SensorData b
Fla
(]

MaotionData b w

Map Similar Interfaces

When two connected components with Simulink behaviors have the same number of signals with

different names, use an Adapter block and the Interface Adapter to define the port connections.

1 Add an Adapter block to your model on the connection between the two components.
Double-click the block to open the Interface Adapter dialog box.

3 In the Select input box, select an interface element. In the Select output box, select an
interface element.

4  Click the Map button.

Use Unit Delay to Break Algebraic Loop

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 to your model 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.
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Use Rate Transition Between Simulink Behaviors

When connecting two Reference Components, the Simulink models they 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 to your model 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.

See Also

Blocks
Adapter

More About

. “Define Interfaces” on page 3-2
. “Save Simulink.Bus Objects”
. “Assign Interfaces to Ports” on page 3-5
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* “Define Profiles and Stereotypes” on page 4-2
* “Use Stereotypes and Profiles” on page 4-9



4 Define Architectural Properties

Define Profiles and Stereotypes

4-2

To verify structural and functional requirements, you must capture nonfunctional properties on
elements in an architecture model. For example, if there is a limit on the total power consumption of
a system, the model must capture the power rating of each electrical component. This requires
extending built-in model element types with properties corresponding to requirements, in this case,
an electrical component type as an extension of components. You can introduce a self-consistent
domain of model element types into System Composer using a group of property sets, or stereotypes,
called a profile.

System Composer provides these architectural model elements to describe an architecture model:

* Component
* Port

* Connection

You can view the properties of each element in the architecture model using the Property Inspector.
Open Property Inspector using View > Property Inspector.

You author profiles using the Profile Editor. Profiles are saved separately from the architecture model
and are available to all architecture models.

When you create a profile, you define:

* Stereotypes — Customize built-in model element types
* Property sets — Add analysis properties to an architecture model element
* Data types, dimensions, etc — Define property values

You can define stereotypes to extend built-in elements and capture additional data about an element.
Element stereotypes define the class of the elements to which they apply. For example, a
MechanicalComponent stereotype with properties such as Weight and Volume applies only to
components.

A stereotype does not have to define a class. For example, a ProjectItem stereotype can add
generic properties such as catalog number or unit cost, a BorrowedItem stereotype can add
properties such as BorrowedSource and ReturnDeadline. A model element can have multiple
stereotypes.

Stereotypes can extend other stereotypes to include their properties. For example, a UserInterface
stereotype can be an extension of a SoftwareComponent stereotype, and add a property called
ScreenResolution.

You can collect stereotypes in profiles.

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. In any architecture model, select Architecture > Profile >
Profile Editor. Click New Profile. Select new profile to start editing.

| = System Composer Profile Editor - O X

[=] System Composer Profile Editor

Describe architecture profiles, sterectypes and custom property sets for use with System Composer architecture models. show moare...

Prafile E&,New Profile '.—'j]Open Il Save |« % Stereotype EE} New Stereotype 23 Import into model | Select model |~ @

Profile Browser Profile Properties

Filter profiles by model: | <all> - Name: |Pr0fi|e |

Friendly name (can contain spaces etc.):

& Profile* | |

Stereotype applied to root on import: |none -
Description:

Name the profile and provide a description. Add stereotypes by clicking New Stereotype. You can
delete stereotypes and profiles by clicking 23 in their respective menus.

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 component type, for example, ElectricalComponent.
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* Applies to — The model element type to which the stereotype applies. This field can be an
architecture, component, port, connector, or interface. You can apply this stereotype only to a
model element of this type.

* Icon — Icon to be shown on the model element.
* Base stereotype — Other stereotype on which this stereotype is based. This 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 it . Define these fields for each property:

* Property name — Valid variable name

* Type — Numerical, string, or enumeration data type
* Unit — Value units as a string

* Default — Default value

=) System Composer Profile Editor =] ] »

- System Composer Profile Editor

Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models. show more...
Profile ‘:‘J'Newl'-‘roﬁle __JOpen | |icl Save v 2,:5 Stereotype EE) New Stereotype 2’_6 Import into model = Select model ~ %7
Profile Browser Stereotype Properties
Filter profiles by model: | <all> - Name: | SignalPort
Applies to: | Port - Icon

v |3 ProjectProfile” z

O AnalogConnection Base stereotype: | <nothing: o

O DataPort [ Abstract sterectype

{J ElectricalComponent

O mechanicalComponent Description:

O signalPort

o]
Property name Type Name Unit Default

Add, delete, and reorder properties using the property toolstrip: W] R e v
You can create a stereotype that applies all model element types by setting the Applies to field to

<nothing>. With these stereotypes, you can add properties to elements regardless of whether they
are components, ports, connectors, or architectures.
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Sterectype Properties

Name: |GeneraIEIement

Applies to: | <nothing> v (] Icon
Base stereotype: | <nothing> -

[] Abstract stereotype

Description: |

i

Property name Type Name Unit Default
1 RefMumber ints - | nfa 1

I *‘,"' " amataud® PP Yoy | ’__.p

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 in the Profile Editor using
the Stereotype applied to root on import field.

=) System Composer Profile Editor a O X

~| System Composer Profile Editor
Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models. show more...

Profile [ 74 New Profile | | “Jopen | Save - | §  Stereotype BE; NewStereotype |3 Importintomodel Selectmodel v |(2)

Profile Browser Profile Properties
Filter profiles by model: | <all> - Name: |Pro}ectProﬂle |
Friendly name (can contain spaces etc.):
v [3 ProjectProfile |
O AnalogConnection
O pataport Stereotype applied to root on import: |nme v_|

{F ElectricalComponent T | none

Description:
O MechanicalComponent 0 Electricqltomponent
O ProjectComponent .hamcalcorn ent
O signalPort ojectComponen
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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.

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 an electrical component to be

analog connections, set AnalogConnection as a default stereotype for the ElectricalComponent
stereotype.

| =) System Composer Profile Editor = a b

| System Composer Profile Editor

Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models. show more...
Profile |__‘_\J New Profile __] Open | | i Save = ?rg Stereotype E‘u_'-:u; New Stereotype é,:{ Import into model | Select model = 2
Profile Browser Stereotype Properties
Filter profiles by model: | <all> = Name: |EIecmcaICOmp-onen: |
Applies to:  Component - ﬁ Icon
~ =) ProjectProfile =
- O AnalogConnection Base stereotype: | <nothing> =
) DataPort [ Abstract stereotype
{F ElectricalComponent |
O MechanicalComponent Description: |General Electrical Component
O ProjectComponent
O signalPort ¥ Default Stereotypes for Composition
Component sterectype: | ElectricalComponent -
Port stereotype: SignalPort d
Connector stereotype: | AnalogConnection ¥
Property name Type MName Unit Default
1 PoweRating string * | nfa

After you import the profile into a model, all new connections assume the AnalogConnection
stereotype.

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

You can use provided icons for the component stereotypes or use you own custom icon images.

Custom icons support .png, . jpeg, or .svn image files of size 16-by-16 pixels. The custom icons are
displayed as badges on the components for which the stereotypes are applied.
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Pick an icon
o m =
£ & B
o <
€0 &)

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.

=] System Composer Profile Editor - O s

[=] System Composer Profile Editor

Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models. show more...
Profile L'LUL New Profile. | |Open |ilSave |~ Stereotype g% New Stereotype| .5  Importinto Select = @
Profile Browser Stereotype Properties
Filter profiles: <all> - Name: |stereotype |
Applies to: Component - S icon <t
~ | =] Profile*
£ stereotype Base stereotype: <nothing> .

Use a preconfigured set of color options for component stereotypes to style the architecture
component headers. You can use a preconfigured set of color options for component stereotypes to
style the architecture component headers. Below is an example that displays the applied component
stereotypes with icons and color. See “Use Stereotypes and Profiles” on page 4-9 to learn how to
use stereotypes in your model.

| -
ComponentA = ComponentB e
i 1 <vdp =
out1 B
Oout2

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: =+ 13
Base stereotype: | <nothing> -

[] Abstract stereotype

Description: |
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See Also
“Use Stereotypes and Profiles” on page 4-9
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Use Stereotypes and Profiles

Model Browser

@ ol G & ®

| Ready

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

page 4-2.

Apply a Stereotype

The Profile Editor is independent from the model that opens it, that is, you must explicitly import a
new profile into a model. On the Model tab and in the Profiles section, select Manage and then from

the drop-down, select Import B} Select the profile to import. An architecture model can use

multiple profiles at once.

Once the profile is available in the model, open the Property Inspector. On the Modeling tab and in

the Design section, select Property Inspector. Select a model element.

RobotWithRegs

®

O @

A @B

[ RobotwithRegs #

-f?) Successfully imported architecture profile ‘"FunctionalArchitecture'. x

MULULYVILIREYS

Sensor

SensorData

Trajectory plan

User Interface

P> SensorData

Property Inspector -
4
Port g
Architecture  Info g
4
a
v Main B
Name SensorData
Tags
Interface
Stereotype Add.. &7

119%

VariableStepAuto

In the Stereotype field, use the drop-down to select the stereotype. Only the stereotypes that apply
to this element type (for this 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.
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Property Inspector = X
Port

Architecture Infio

* Main
MName SensorData

Tags
» Interface

Stereotype Select e

FuncticnalArchitecture. SignalPort

When you apply a stereotype to an element, a new set of properties appears in the Property Inspector
under the name of the stereotype. Expand this set to edit the properties.

Property Inspector = X
Port
Architecture Info
* Main
Name SensorData
Tags
» Interface
Stereotype Add.. 4
* DataPort Select w7
BitRate E |
> F - -u-—r "---*--....._,ﬂ' W S

You can set multiple stereotypes for each element.
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RobotwithReqgs

®

LT N E Rl

O B @&

= E

«

[ RobotiithReqgs »

RobotWithReqs

EEX

<

Sensor

OutBus

¥

User Interface

B+ InBus

Property Inspector

Component

Architecture Info

~ Main
Name Sensor
Tags
:'w Add -
ElectronicComponent Select - I
- GeneralEIement Celect v
SharedArtifact Select ~

[

You can also apply component and connector stereotypes to all applicable elements at the same level.

On the Modeling tab and in the Profiles section, select Apply Stereotypes. In the Apply

Stereotypes dialog box and from the Apply to list, select ALL elements, Components, Ports, or

Connectors. From the in list, select Selection, This layer, or Entire model.

Remove a Stereotype

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.
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Property Inspector L

Component

Architecture Irifice

Main

Name Sensors
Sterectype Add.. =
sysComponent | b

Extend a Stereotype

You can extend a stereotype by creating a new one based on the existing one. This allows 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, which
is 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.

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.
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i System Composer Profile Editor

(=] System Composer Profile Editor

s

Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models.

Profile EE New Profile. | | ] Open

Profile Browser

Filter profiles by model: | <all= -

v [ FunctionalArchitecture
[ AnalogConnection
O DataPort
O DigitalConnection
IF ElectricalComponent
IF ElectronicComponent
[ MechanicalComponent
O signalPart
O softwareComponent

Save ‘v % Stereotype E% New Stereotype 23

Stereotype Properties

Import into model

show more...

@

Select model |~

MName: |EIectronicComponent

Applies to: | Component

Base stereotype: | FunctionalArchitecture. ElectricalComponent

[ Abstract stereotype

4

TF 1con

Description: |

oe

Property name
1 Manufacturer
2 PowerRating

string
double | nfa

MName

Unit Default

n/a

Show inherited properties (read-only)

When you apply the new stereotype, it carries its defined properties in addition to those of its base

stereotype.

Property Inspector
Component

Architecture Info

 Main
MName
Tags
Stereotype

Manufacturer
PowerRating

* ElectronicComponent

Sensor

Add..

0vVA
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See Also

More About

. “Define Profiles and Stereotypes” on page 4-2
. “Analyze Architecture” on page 6-9
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* “Implement Components in Simulink” on page 5-2
* “Extract Architecture from Simulink Model” on page 5-5
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Implement Components in Simulink

System design and architecture definition can involve a behavior definition for some components,
such as the algorithm for a data processing component. Components in System Composer
architecture models can define behavior using Simulink models by linking components to Simulink
models.

Create a Simulink Behavior Model

When a component does not require further decomposition from an architecture standpoint, you can
design and define its behavior in Simulink.

1 Right-click the component and select Create Simulink Behavior.

DataProcessing

Explore
[> GPSData xp

Sanst Open
[ Motiondata
Cpen In New Tab

OCpen In New Window

& Cut Ctrl+X

Copy Ctrl+C
Paste Ctrl+
Delete Del

Save As Architecture Model..
Create Simulink Behavior... I})

Link to Model...

2  Provide a model name. The default name is the name of the component.

Create Simulink behavior — O >

Specify behavior model name to save and link component.

New model name: | DataProcessing | Browse...

Ca tgal Help

* A new Simulink model with the provided name is created. 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 Simulink icon on
the component indicates this is a Simulink link.
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DataProcessing
= RﬂbotArch » DSEnsur » @DataPmcessing (DataProcessing) b
@
=
M SensorData
GPSData (@i
DataPromsil
= DataProcessing = D
Motiandata iy
[» GPSData
SensorData >
[+ Mationdata I
[~
&«

You can continue with providing specific dynamics and algorithms in the referenced Simulink model.
Adding root-level ports in the Simulink model creates additional ports on the System Composer
Reference Component block.

You can access and edit a referenced Simulink model by double-clicking the component in the
architecture model. When you save the architecture model, all unsaved Simulink behavior models it
references must also be saved, and all linked components updated.

Saving Referenced Models

Model block 'Robotarch/Sensor/DataProcessing' is referencing model
'‘DataProcessing’. Model 'DataProcessing’ has unsaved changes. Select:

* Save to save 'DataProcessing' and refresh all Model blocks in the parent

model.
* Save All to recursively repeat the above action for referenced models

that have unsaved changes.
* Cancel to cancel the Save operation for this model and its parents.

Save Save All Cancel
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Link to an Existing Simulink Behavior Model

You can link to an existing Simulink behavior model 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.

Link to model - O et

Link to the specified model.

Model name: |10de|5‘aDataPrnces5ing.5lx Browse...

Cancel Help

Any subcomponents and ports that are present in the components get deleted when the component
links to a Simulink model.

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, and the change is reflected after
refreshing the model.

See Also

More About

. “Decompose and Reuse Components” on page 1-15
. “Extract Architecture from Simulink Model” on page 5-5
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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

3

Open an example model.

openExample('ReferenceFilesForCollaborationExample')

On the Simulation tab, click the Save arrow. From the Export Model To list, select
Architecture Model.

*L ex_modeling_compaonent_reuse - Simulink prerelease use — O X
SIMULATION
O~ OE Stop Time | 30 o~ = e
ar) E | | (ﬂ ) 0> - b
E ™ Hormal - he
l . FREFARE _ ik Stop Data
- - Forward Inspector
il ﬁ Save Cir+5 = REVIEW RESULTS ry
ex_m
@ odvie ape MEIEls = v = » -
I Save as...
€3 Save Viewmark Cirl+Shift+D
— ~ Caplure model's current view for fulure access
EXPORT MODEL TO
eeortmopeLo [N
Web View...
Ig Export model to browser-enabled read-only view
sen:
O - Protected Model... N
Create an IP-protected copy of this model
Template...
== Create reusable template from this medel
& Previous Version... Mechanical System
= Export model to previous version of Simulink
Architecture Model...
b ﬁ Expart model to Architecture I} flerke, fae
Ready 80% VariableStepAuto

Provide a name and path for the architecture model.
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4

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

Click Export. A System Composer Editor window opens with an architecture model

corresponding to the Simulink Model.




Extract Architecture from Simulink Model

{'i ex_madeling_component_reuse_arch * - Simulink — O >
SIMULATION MODELING
L - I % Stop Time | 10.0 o -
- B H & =
! e Mariage COMFONENT | VIEWS | COMPILE |N°”'”a' h | O
G - B - 0@ Fast Restart
v v v _
MAMNAGE DESIGN PROFILES SIMULATE F Y
= ex_modeling_component_reuse_arch
% ® Ex_modeling_cnmponem_reuse_arm 4 -
o
= ~
g i@ ex_modeling_component_reuse_arch
. Architeciure extracied from Simulink model: “ex_modeling_companent_reuss tempExporiWaridlow’. [22-May-2019 11:17:39]
= bl Mechanical System
Operator ey
Mass-Sprmg-Damper, La
B sensor poal I+ B goal
E =s=miral [+ > oo
B+ sensor
sensor [+
Environment Mass-Sprisg-Damper, Rij
disturbancea [+ > dix
[T
i v
» ¢ 3
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
Contraller

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

More About

. “Implement Components in Simulink” on page 5-2
. “Decompose and Reuse Components” on page 1-15



Analyze Architecture Model

* “Create and Manage Allocations” on page 6-2

» “Allocate Architectures in a Tire Pressure Monitoring System” on page 6-5
* “Analyze Architecture” on page 6-9

» “Battery Sizing and Automotive Electrical System Analysis” on page 6-16

* “Modeling System Architecture of Small UAV” on page 6-18

* “Link and Trace Requirements” on page 6-24

* “Modeling System Architecture of Keyless Entry System” on page 6-30

» “Extract the Architecture of a Simulink Model Using System Composer” on page 6-31
* “Build an Architecture Model from Command Line” on page 6-39

* “Import and Export Architectures” on page 6-43

* “Import System Composer Architecture using Model Builder.” on page 6-45
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Create and Manage Allocations

6-2

This example shows how to create and manage System Composer™ allocations. Use allocations to
establish a directed relationship from architecture elements (components, ports, and connectors) in
one model to architecture elements in another model. One common use case for allocations is to
establish relationships from software components to hardware components to indicate the
deployment strategy.

This example uses the Tire Pressure Monitoring System (TPMS) project. To open the project, use this
command:

scExampleTirePressureMonitorSystem

Create a New Allocation Set

You can create an allocation set using the Allocation Editor. An allocation set is a collection of
allocation relationships between two models, a source model, and a target model. The allocation set
is stored as an .mldatx file.

In this example, TPMS FunctionalArchitecture.slx is the source model and the
TPMS LogicalArchitecture.slx is the target model.

To create an allocation set for these models, use this command.

allocSet = systemcomposer.allocation.createAllocationSet(...

"Functional2Logical', ...% Name of the allocation set
'"TPMS FunctionalArchitecture', ... % Source model
'"TPMS LogicalArchitecture' ... % Target model

);
To see the allocation set, open the Allocation Editor by using the following command.

systemcomposer.allocation.editor;

The Allocation Editor has three parts: the toolstrip, the browser pane, and the allocation matrix.

» Use the toolstrip to create and manage allocation sets. For instance, you can use the New
Allocation Set button to create a new allocation set between two models.

» 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.
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ALLOCATIONS

Create and manage

allocation sets - o 1 (s |
New Open Save SCENARIO =~ REFRESH ROW FILTER | COLUMNFILTER | FILTERS
Allocation Set  Allocation Set  Allocation Set =
_ ALLOCATION SET BRO Scenario 1
4 7 Funetional2Logical $ |& |2 = ~ z
E & W z & =
&7 Scenario 1 ;:g % E‘ & % 9_ 9__ é. & T1:3“ j
Browse and open 4 @ MyAliocationSet B e |5 1225 12 |8 | &2 |E
= £ Scenario 1 (5 [2 12 |8 (& |9 [2[& 8|8
allocation sets JIEEIZIEI2R|E(S R B
g &G o S S o & G o
L] . .
| I:—I s Specify allocations
~ [ TPMS_Functionalas B using
m the matrix representation

b : Report Low Tire
T InBus

~{ QuiBus->InBus

= OutBus—>InBus

—{ OuiBus—>IinBus

‘ = [™] Measure Tire Pru

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.
functionalArch = systemcomposer.loadModel('TPMS FunctionalArchitecture');

reportLevels = functionalArch.lookup('Path', 'TPMS FunctionalArchitecture/Report Tire Pressure L
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);

Save the allocation set.
allocSet.save;

Optionally, you can delete the allocation between reporting low tire pressure and the reporting
system.

defaultScenario.deallocate(reportLow, reportingSystem);
See Also

allocate | getScenario | systemcomposer.allocation.AllocationScenario |
systemcomposer.allocation.AllocationSet | systemcomposer.allocation.editor
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More About

. “Allocate Architectures in a Tire Pressure Monitoring System” on page 6-5
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Allocate Architectures in a Tire Pressure Monitoring System

This example shows how to 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 each architectural layer and makes it accessible to the others.

Use this command to open the project.

scExampleTirePressureMonitorSystem
TPMS

Motion Sanser  *)

Pressure Sensor )

Tempeature Sensor™”} 2t

Open the FunctionalAllocation.mldax file which displays allocations from
TPMS_FunctionalArchitecture to TPMS LogicalArchitecture. The elements of

TPMS FunctionalArchitecture are displayed in the first column and the elements of

TPMS LogicalArchitecture are displayed in the first row. The arrows indicate the allocations
between model elements.
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™ TPMS Reporting 5

TPMS_Logical
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This figure displays allocations in the architectural component level. 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 you can use this allocation information to further analyze the
model.

Functional to Logical Allocation and Coverage Analysis

This section shows you 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("TPMSProfile
unAllocatedFunctions = [];
for i = l:numel(allFunctions)

if isempty(scenario.getAllocatedTo(allFunctions(i)))

unAllocatedFunctions(end+1l) = allFunctions(i);

end

end

if isempty(unAllocatedFunctions)

fprintf('All functions are allocated');
else

fprintf('sd Functions have not been allocated', numel(unAllocatedFunctions));
end

The result displays ALl functions are allocated to verify that all functions in the system are
allocated.

Analyze Suppliers Providing Functions

This example shows how to identify which functions will be provided by which suppliers using the
specified allocations. The supplier information is stored in the logical model, since these are the
components that the suppliers will be delivering to the system integrator.
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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, num
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.Supplier"
allocTable{i, strcmp(elemSupplier, suppliers)} = 1;
end

end

The table shows which suppliers are responsible for the corresponding functions.

allocTable =
8x4 table

Supplier A Supplier B Supplier C Supplier D

Calculate if pressure is low 1 0 0

Measure Tire Pressure 0 0 0 (1]
Calculate Tire Pressure 0 1 0

Measure pressure on tire 0 il

Measure rotations 0

Measure temprature of tire 1] )

Report Low Tire Pressure 1

Report Tire Pressure Levels 1 1]

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');
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;
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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'})

function memoryUsed = getUtilizedMemoryOnECU(ecu, scenario)
% For each of the components in the ECU, accumate the binary size
% required for each of the allocated software components.

coreNames = {'Corel', 'Core2', 'Core3','Core4'};
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
memoryUsed

= memoryUsed + binarySize;
end

end

end

softwareDeploymentTable =

fx2 table
Scenario 1 Scenario 2
Front ECUMemory Used (MB) 110 a0
Front ECU Memory (MB) 100 100
Front ECU Overloaded 1 0
Rear ECU Memory Used (MB) Q 20
Rear ECU Memory (MB) 100 100
Rear ECU Overloaded a 1]

getAllocatedFrom | getAllocatedTo | getScenario | load

More About

. “Create and Manage Allocations” on page 6-2

allocatedSWComps(j).getEvaluatedPropertyValue("TPMSProfile.SWComponent.Bina



Analyze Architecture

Analyze Architecture

Write 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:

Define a profile containing a set of property sets that describe some analyzable properties (for
example, cost and weight)

Apply the profile to an architecture model and add property sets from that profile to elements of
the model (components, ports, or connectors)

Specify values for the properties on those elements

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

Write an analysis function to compute values necessary for the study
Run the analysis function

Set Tags and Properties for Analysis

Enable analysis by tagging model elements and setting property values.

Load the Model

Open the systemWithProps model.

systemWithProps
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systemWithProps

(2] systemWrthPrups 3 -

@
E3 | systemWithProps

Computer O Robot O

OutBus = [ InBus

(2 &l 1A

&
COwtBusi

OutBus

[

PowerSource D

[

[ InBus1 InBus <

= E

« | a0

Import a Profile

Enable analysis of properties by first importing a profile. In the Profiles section of the toolstrip, click
Manage > Import and browse to the profile.

Apply Stereotypes to Model Elements

Apply stereotypes to all model elements that are part of the analysis. Use the menu items that apply
stereotypes to all elements of a certain type. Select Apply Stereotypes > Apply to and then
Components > This layer. 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.

1 Select the model element.

2 In the Property Inspector, expand the stereotype name and type values for properties.
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Property Inspector

Component

Architecture Inific

* Main
Mame Robot
Sterectype Add..
Robot ~ PhysicalComponent Select
unitCost 5000 dollars
volume 0m3
weight 3 kg
P> InBus

JtBus

Create a Model Instance for Analysis

Create an instance of the architecture model that you can use for analysis. In the Views section,
select Analysis Model > Analysis Model. In this dialog box, 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 |5
instance model may be used for system-level analysis expressed as MATLAB functions. N

Step 1: Select Stereotypes Step 2: Configure Analysis
Functi
Select the sterectypes to make available on Hneken
the instance model Analysis function:
| [T [+] [@
v ] SystemProfile Function arguments (comma-separated):
[] Budgets | |
PhysicalComponent
PhysicalConnector
‘PhysicalElement e e
[] softwareComponent
Iteration Order: |Pre-order -
Instance Model Properties
Name: |sy5temWithPr~ops
[] Normalize Units
Strict Mode
Don't see your profile? |Profile Editor ... 23 Cancel I} Instantiate

The 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 one, 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.

To view the instance, click Instantiate.
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INSTANCE MODEL
systemWithProps
Instances

4 B systemWithProps 0 0 0 0 0
o Computer 0 0 P 1000 0 Property Units  Value Edit
4
OutBus 0 0 4 g} PhysicalComponent
==
©» OutBus1 0 0 £ volume m3 =
4 O Robot 0 0 6 3000 0 4 Hg) PhysicalConnector
o InBus 0 0 4 [} PhysicalElement
»
—» OutBus 0 0 HH unitCost dollars 1.000 [3]
4 O Sensors 0 0 05 200 0 HH weight kg =
>0 InBus 0 0 4 Hg| SoftwareComponent
»o InBust 0 0 HH devCost dollars =
= Computer:OutBus->Robot:InBus 0 0
= Computer:OutBus1->Sensors:InBus1 0 0
= Robot:OutBus->Sensors:InBus 0 0

AMALYSIS

volume length(n material weight(kg) unitCost(d devCost(d &}

INSTANCE PROPERTIES

MNodelnstance: Computer

r

The Analysis Viewer shows all components, ports, and connectors in the first column. The other
columns are properties for all stereotypes chosen for this 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 its
stereotypes and property values. You can save an instance in a MAT-file, and open it again in the
Analysis Viewer. If you make changes in the model while an instance is open, you can synchronize the
instance with the model by clicking Update. Unsynchronized changes are shown in a different color.

Write Analysis Function

Write a function to analyze the architecture model using instance API. Analysis functions are MATLAB
functions that compute values necessary to evaluate the architecture using properties of each
element in the model instance.

You can add an analysis function as you set up the analysis instance. After you select the stereotypes

of interest, create a template function by clicking the + button 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 from
Analysis Viewer.
function systemWithProps_l(instance,varargin)
% systemWithProps_1 Example Analysis Function
if instance.isComponent()
sysComponent_unitPrice = instance.getValue("PhysicalElement.unitCost");
for child = instance.Components
comp_price = child.getValue("PhysicalElement.unitCost");
sysComponent_unitPrice = sysComponent_unitPrice + comp_price;
end

instance.setValue("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("<stereotype>.<property>")
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* Set a property of an instance: instance.setValue("<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 must use error handling
functions such as try-catch statements if it is possible that some elements in the model do not use
the stereotypes.

As an example, this code computes the weight of a component as a sum of the weights of its
subcomponents.

if instance.isComponent()
weight = 0;
for child=instance.Components
subcomp_weight = child.getValue("PhysicalElement.weight");
weight = weight + subcomp weight;
end
instance.setValue("PhysicalElement.weight",weight)
end

Once the analysis function is complete, add it to the analysis. 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.
* Preorder — Start from the top level, move to a child component, process the subcomponents
of that component recursively before moving to a sibling component.

* Topdown — Like pre-order, but process all sibling components before moving to their
subcomponents.

* Postorder — Start from components with no subcomponents, process each sibling and then
move to parent.

* Bottomup — 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 shown in a different color in the Analysis Viewer.
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See Also
systemcomposer.analysis.Instance

More About

. “Define Profiles and Stereotypes” on page 4-2
. “Use Stereotypes and Profiles” on page 4-9
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6 Analyze Architecture Model

Battery Sizing and Automotive Electrical System Analysis

6-16

Overview

This example shows how to model a typical automotive electrical system as an architectural model
and run primitive analysis. The elements in the model can be broadly grouped as either source or
load. Various properties of the sources and loads are set as part of the stereotype. The 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 the Model

The generator charges the battery while the engine is running. The battery, along with the generator
supports 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 percent of the battery
» Total CrankingInRush current

» Total Cranking current

» Ability of the battery to start the vehicle at 0 degrees 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 the Model and Run the Analysis

archModel = systemcomposer.openModel('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: NaN mA

Number of days required for KeyOfflLoad to discharge 30% of battery: NaN.
Total CrankingInRush current: 70 A

Total Cranking current: 104 A

CCA of the specifed battery is sufficient to start the car at 0 F.



Battery Sizing and Automotive Electrical System Analysis

ECU

(b InBus

Engine

(b InBus ="

Generator O Battery O | Comfort

OutBus b)—P InBus QutBus 1) B InBus

| satety

(I InBus

| Body Control

e { InBus

Copyright 2019 The MathWorks. Inc.

Close the Model

bdclose('scExampleAutomotiveElectricalSystemAnalysis');
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6 Analyze Architecture Model

Modeling System Architecture of Small UAV

Overview

This example shows how to set up the architecture for a small unmanned aerial vehicle, composed of
six top-level components. You also learn how to refine your architecture design by authorizing
interfaces, linking to requirements, defining profiles and stereotypes, and running analysis on such an
architecture model.

Open the project.

>> scExampleSmallUAV

scExampleSmallUAVModel
Flight Support Components
v v a
% i z
-1 -1 a
g @
3 a
a g
3 <
@
@
<4
5 ] Payload
: - ] g Data Link[{>
@ < < B operatorCmds DataLink §)—4@Data Link
7 7 A
FlightComputer
Propulsion
dsi G
Payload Cmds B Alrframe
1) 9 dT
EngineStatus D I EngineStatus Contrg) Surface Cmds > b ciriSrfcDeflechion
1 4lGS Commands = —
- FuelLev FuelL.
ghtC ightCi
Py h P h
&
ch
t_: £ Telemetry [ b
il 1
SupervisoryComputer
» FuelDat .
EngineStat
Copyright 2018 The MathWorks, Inc.
&

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

Specify Interfaces

Define interfaces in a data dictionary. From the menu, click on Interface Editor.

Click the GS Commands port on the architecture model to highlight the
architecture_gsCommands interface and indicate the assignment of the interface.
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GS Commands [ {%GS Commands

Interfaces

= (& -~

S =
73]
7]
% m
9 =
S 3 2
o 2 8
] < <
F: v W & £1
FlightComputer
Payload Cmds B
qdT
> EngineStatus Contrgl Surface Cmds >
B+ FuelLevel .
lightCmds [
> PwrStatus
o v al
al
c &

- | Search

t..{| | how Hide Column: |+ |

Type

| v [ scExampleSmallUAVModel skx

=[] architecture_gsCommands

- & apConfigParams (param_value_bus)

& param_count
2 param_id
2k param_index
A param_type

2k param_value

Bus: param_value_bus

Inspect Requirements

Dimensions | Units

Complexity

real

Payload

g

[> operatorCmds

Airframe

LET

B ctriSricDeflection

L

P> lightCmds

Minimum Maximum Description

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

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.
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6 Analyze Architecture Model

Requirements - scExampleSmallUAVModel o
view: |Requirements v | (% 3B ||| E|E] | & | & Tl (S
S

v %] scExampleSmallUAVModel

v B 1 #1 Aircraft Caphilities
v B 14 #3 Airworthiness
E 111 #5 Range
B 112 #6 Rain Conditions
B 113 #7 Power
E 114 #B Emergency Power
E 115 #9 Contral Surface Fault-Tolerance
E 116 #10 Fuel 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:

* 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 Import > Edit.

The display appears below.
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[=] System Composer Profile Editor

- O *
=] System Composer Profile Editor
Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models. show mare...
Profile Eﬂ, New Profile —j Open | | o Save |« Stereotype New Stereotype Import into | Select @
Profile Browser Nothing selected
Filter profiles: | <all> -

v =] UAVComponent
= OnboardElement
b RFConnector
RFWiring

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.

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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6 Analyze Architecture Model

Instantiate Architecture Model x

Description

Create an instance model from this architecture model by flattening out all referenced models and their components. Such an [ 3,
instance model may be used for system-level analysis expressed as MATLAB functions. Y

Step 1: Select Stereotypes Step 2: Configure Analysis
Select the stereotypes to make available on Function
the instance model Analysis function:
[massRollUp | 13| &= @
v [m] ASAPProfile Function arguments (comma-separated):
‘ASAPParameter | |
(] ASAPSignal
v [ UAVComponent
[] OnboardElement Model Tteration
[ RFConnector
(] RFWiring Iteration Order: |Bottom-up ~

Instance Model Properties

Name: |scExampleSmallUAvModel

] Mormalize Units

Strict Mode

Don't see your profile? | Profile Editor ... 23 Cancel Instantiate

Click Instantiate to generate an analysis.
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&5 Instances Mass Power
4 [ scExampleSmallUAVModel
4 7 Airframe
O Fuselage 1.7
o LandingGear 1.65
g Tail and Boom 27
o Wings 3.2

4 3 Flight Support Components
4« [ ADSB Module

o ABDSE Antenna 0.058
o ADSE Board 0.093
4 £3 GPS Module
o GPS Antenna 0128
o GPS Board 027
o Pitot Tube Module 0.075
4 3 FlightComputer
m Main Rnard 14/

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, SmallUAV.
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6 Analyze Architecture Model

Link and Trace Requirements

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 Simulink® Requirements™, test cases in Simulink Test™, or selections in MATLAB®,
Microsoft® Excel®, or Microsoft Word.

Open the model exMobileRobot.

open_system('exMobileRobot")
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L exMobileRobot - Simulink

SIMULATION

':D:' [ Open ~ @M Stop Time | 10.0 - D ] iyl
R A B B & =
- - -
New Library Log Add Signal Step Run Step | Stop Data Logic
- ﬁ Print *  Browser Signals Viewer Table 0@ Fast Restart Back~ - Eorward Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS ry
Toals,
= exMaobileRobot -
‘% @ < ‘ExMobiIeRobot > - g
o =
3 il
=
exMobileRobot E
5
Communication = Command = Sensor £ g‘
D {25 Docking station 5 i — N
MPLEMENTS b SeryCalm Faedback b )—@Feadback SermarDala 4 b I SehsorData b
E o = A A
@ -l &
= et maodi 8 -1
};\” o VAENTE 2
N weevents E
Docking Battery = L Maotor Faedback
[=5]
- E 5: Budgeis 5
=] fhé] MPLEMENTS OulBus B b InBus MalicnData B nm v
— € >
Requirement links - exMobileRobot L4
hd EI exMobileRobot. simx Changed source: 0/12 Changed destination: 0/12
C") Communication (MobileRobotReq...  Communication Implements #2 Communication
59 Motion (MobileRobotRequirement... exMobileRobot Implements #1 Moticn
59 Audible signals (MobileRobotRequ... AlertGeneration Implements #10 Audible signals
& Traj Planning (MobileRobot...  Command Implements #4 Trajectory Planning
¢
59 Battery life {(MobileRobotReguire...  Battery Implements #15 Battery life
59 Sensing (MobileRobotRequiremen... Command Implements #29 Sensing
‘,’-7 Obstacle reaction (MobileRobotRe... Command Implements #30 Obstacle reaction
74 Sensing (MobileRobotRequiremen... Sensor Implements #29 Sensing
¢
59 Absolute position sensing (Mobile... GPS Implements #31 Absolute position sensing
59 Budgets {MobileRobotRequiremen... exMobileRobot Implements #5 Budgets
74 Docking station (MobileRobotReq...  exMobileRobot Implements #25 Docking station
¢
59 Battery charging (MobileRobotRe... Battery Implements #24 Battery charging
Ready 80% VariableStepAuto

Open the requirements MobileRobotRequirements.slreqgx in the Requirements Editor. The
requirements file must be on the MATLAB path. Select the requirement to be linked.
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[ Requirements Editor — O s

~ Properties ~
vew: [Reirements < -
3.1

Index g Summary Mrrs
hd |h| MobileRobotRequirements e e |":13 |
v E1 #1  Motion Summary: | Audible signals |
S i; ‘ti ::pds"ee“ N Description  Rationale
. Ed ad Capact
E 13 #8  Position accuracy IE} B 7 U . EE E EE' EI
> B 2 #4  Trajectory Planning Device shall convey operation errors via audible signals.
v B 3 #2  Communication
v B 31 #10 Audible signals
B 311 #18 Path eror
B 312 #19 Mechanical error
B 313 #20 Battery drain
> B 32 #16 Command interface
> B 4 #3  Obstacle avoidance
> B s #23 Power
> B 6 #5  Budgets
Keywords:

b Revision information:

T Links

Ma links

Select the component to be linked in the architecture model. Right-click and select Requirements >
Link to Selection in Requirements Editor.
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Arrange »
Signals & Ports r
Sensor Reguirements 4 Link to Selection in Requirements Editor
Properties Link to Selection in MATLAB
Sens: Help ) Link to Current Test Case

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 ...

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, right-click the requirement and select Link
from <component_name> (Component).
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|%# Requirements Editor

View: | Requirements ~

File Edit Display Analysis

O - E =

Report  Help

48|00 e

Search

Index 1D Summary
hd ﬁ, MobileRobotRequirements
v E 1 #1  Motion
E 11 #6  Top speed
B 1.2 #7  Load capacity
E 13 #8  Position accuracy
E 2 #4  Trajectory Planning
VE 3 #3  Cammanication
v B 31 #10 Cut
E 311 #18 Copy
B 312 #19 Paste
B 313 #20 Delete
E 32 #16
B 4 #3 Add Child Requirement
E s #23 Add Requirement after
E s #5 Move up
Move down
Expand All
Collapse All

Link from "MessageGeneration” (Component)
Link with Selected Architecture Object D&
Link from Selected Test Case

Select for Linking with Requirement

You can also create requirement links with blocks and subsystems in Simulink models. for more

¥ Properties
Type: Functicnal h
Index: 3

Custom ID: | #2

Summary: | Communication

Description Rationale

i [ma o B z U W

Ctrl+X
Ctrl+C
Ctrl+W

Del

information, see “Link Blocks and Requirements” (Simulink Requirements).

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 E

To trace requirement links to a component, right-click and select Requirements > Open Outgoing
Links dialog. Here, you can create new requirements, delete existing ones, and change their order.
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Cutgoing Links: Sensor

Requirements = Document Index

| MNewr

| up

Down

| Delete

| Copy

Description:
Document type:

Document:

Location:
(Type/Identifier)

Keywords:

X
Ability to detect obstacles (RobotRequirements#6)
Ability to detect speed

3
| Ability to detect speed |
|Text file - ‘ Use current
|texl:reqs.b¢ v‘ | Browse... |
‘Search text - |#s1 |
| |
OK || cancel || Help || Apply |

Related Topics

* “Manage Requirements” on page 2-2
¢ “View Linked Requirements in Models and Blocks”
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Modeling System Architecture of Keyless Entry System
Overview

This example shows how to set up the architecture for a keyless entry system for a vehicle. You also
learn how to create different architecture views for different stakeholder concerns.

Open the project.
scKeylessEntrySystem
KeylessEntryArchitecture
FOB Locator System lﬁ% Door Lock/Unlock System Iﬁ%
reyLocat keyLocal doarSt:
Sound System ﬁ%
door
eyLocat
Lighting Syste?n ﬁ% Engine Control System ﬁu :

Copyright 2019 The MathWorks, Inc.

Opening the Architecture Views

You can create, view, and edit architecture views in the Architecture Views editor. To launch the
editor, select the Architecture Views button from the Modeling tab in the toolstrip. Select from one
of the existing views for the model. The model has these views:

* Key FOB Position Dataflow — A view of the components in the model that are making use of the
KeyFOBPosition interface.

* Door Lock System Supplier Breakdown — A view of the components in the door lock system
grouped by which supplier is providing the given components.

* Sound System Supplier Breakdown — A view of the components in the sound system grouped by
which supplier is providing the given components.

* Software Component Review Status — A view of the components in the model with the
SoftwareComponent stereotype applied grouped by the value of the ReviewStatus property.
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Extract the Architecture of a Simulink Model Using System
Composer

Overview

This example shows how to 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 any, are also preserved.

Converting 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 the Model

Open the Simulink model of a system.

scExamplePowerWindowBottomUp

| Open Interactive Test Model i

amatura_current

Continuous

driver_swibtch oartian arnmabture_current - [:]
- move_up [ mova_up - ammpiture_current
Mormal neutra

¥

¥

driver_neutral armature_current

diiver_up position . ] —
position

I down driver_down move_down position
n®
p ]
MNaormal nieubral passenger_nautral force P -

¥

up

¥

¥

maove_down
up | passenger_up Simulink_30_Animay
; N 4 objact_prasent gear_anghs | gear angle
r own | passenger_down
L ~
passenger_switch - = -
power_window_control_system window_system

present I—D objact_prasent

: o 2

+ L

II'—’-Q/G window_world
ahsent abject

Copyright 2013-2016 The MathWorks, Inc.
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e o || =R
File  View Viewpoints Mavigation Rendering Simulation Recording Help o
Main View ~ | Examine 4.' ol B ] Cf a, Ei b =

hain i T=0.00 Examine Pos:[-500.00 -25.00 -1:30.00] Dir:[0.59 0.00 0.43]
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i

File Tools  View
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Simulation  Help N
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(] = =] 3

File Tools View Simulation Help u

G- QP ® =2-a&-E-FEH-

Ready Sample based

Export the Model

Extract an architecture model from the original model.
systemcomposer.extractArchitectureFromSimulink('slexPowerWindowExample', 'PowerWindowArchModel');

Simulink.BlockDiagram.arrangeSystem('PowerWindowArchModel");
systemcomposer.openModel (' PowerWindowArchModel');

6-34



Extract the Architecture of a Simulink Model Using System Composer

Architecture extracted from Simulink model: 'slexPowerWindowExample'. [26-Aug-2020 08:35:11]

-

[» armature_curment
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4\ = =] 3

File Tools View Simulation Help N
G- 0P ® - EA- -8 F-
Markers enabled to highlight data. W

Ready Sample based  T=0.000
4 = [=] s
File Tools View Simulation Help o
o -| G4 @ > 2% - |I| - 4 & -
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Close the Model and Project

Close the Simulink project and the created architecture model.

bdclose('PowerWindowArchModel');
close(proj);
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Build an Architecture Model from Command Line

This example shows how to build an architecture model using the System Composer API.

Prepare Workspace

systemcomposer.profile.Profile.closeAll;

Build a Model

Add Components, Ports, and Connections

model = systemcomposer.createModel('mobileRobotAPI");

arch = model.Architecture;

components = addComponent(arch, {'Sensor', 'Planning', 'Motion'});

sensorPorts = addPort(components(l).Architecture,{'MotionData', 'SensorData'},{'in', 'out'});
planningPorts = addPort(components(2).Architecture,{'Command', 'SensorData', '"MotionCommand'},{'in
motionPorts = addPort(components(3).Architecture,{'MotionCommand', '‘MotionData'},{'in', 'out'});
c_sensorData = connect(arch,components(1l),components(2));

c_motionData = connect(arch,components(3),components(1l));

c_motionCommand = connect(arch,components(2),components(3));

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

The connect command requires a component port as argument. Obtain the component port and
connect:

compPort = getPort(components(2), 'Command');
c_Command = connect(archPort, compPort);

Save the model.

save(model)

Open the model

open_system(gcs);

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

Simulink.BlockDiagram.arrangeSystem( 'mobileRobotAPI");
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Create and Apply Profile and Stereotypes

Profiles are xml files that can be applied to any model.
Create a Profile and Add Stereotypes

Create a profile.

profile = systemcomposer.createProfile('GeneralProfile');
Create a stereotype that applies to all element types:

elemSType = addStereotype(profile, 'projectElement');

Create stereotypes for different types of components. These types are dictated by design needs and
are at the discretion of the user:

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 stereotypes. You can use properties to capture metadata for model elements and
analyze non-functional 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','qg");
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"');
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Apply Profile to Model

Apply profile to the model:

applyProfile(model, 'GeneralProfile');

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

applyStereotype(components(2), 'GeneralProfile.softwareComponent')
applyStereotype(components(1l), 'GeneralProfile.physicalComponent")
applyStereotype(components(3), '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(components(1l), 'GeneralProfile.projectElement.ID', '001");

setProperty(components(1l), 'GeneralProfile.projectElement.Description','''Central unit for all se
setProperty(components(1l), 'GeneralProfile.physicalComponent.Cost', '200"');
setProperty(components(1l), 'GeneralProfile.physicalComponent.Weight', '450");
setProperty(components(2), 'GeneralProfile.projectElement.ID', '002");

setProperty(components(2), 'GeneralProfile.projectElement.Description’,'"''Planning computer''');
setProperty(components(2), 'GeneralProfile.softwareComponent.develCost', '20000");
setProperty(components(2), 'GeneralProfile.softwareComponent.develTime', '300"');
setProperty(components(3), 'GeneralProfile.projectElement.ID', '003");

setProperty(components(3), 'GeneralProfile.projectElement.Description','"''Motor and motor control
setProperty(components(3), 'GeneralProfile.physicalComponent.Cost', '4500");
setProperty(components(3), 'GeneralProfile.physicalComponent.Weight', '2500");

Set the properties of connections to be identical:

connections = [c sensorData c motionData c motionCommand ¢ 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

Create an Interface

Create a data dictionary and add an interface:

dictionary = systemcomposer.createDictionary('SensorInterfaces.sldd');
interface = addInterface(dictionary, 'GPSInterface');

Link the interface to the model:
linkDictionary(model, 'SensorInterfaces.sldd');

Identify the interface in the dictionary:
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interface GPS = getInterface(model.InterfaceDictionary, 'GPSInterface');

Set the interface for the port:

setInterface(sensorPorts(2),interface GPS);

Save Data Dictionary

Save the changes to the data dictionary.

dictionary.save();

Clean Up

Uncomment the following code and run to clean up the artifacts created by this example:
dclose('mobileRobotAPI');

% b
% systemcomposer.profile.Profile.closeAll;
% delete('SensorInterfaces.sldd');
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Import and Export Architectures

This example shows how to import and export architectures. 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 UAV system is defined in an 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 component
table must include name, unique ID, and parent component ID for each component. It can also
include other relevant information required to construct the architecture hierarchy for referenced
model, and stereotype qualifier names. The port table must include port name, direction, component,
and port ID information. Port interface information may also be required to assign ports to
components. The connection 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) API :

* Reads stereotype names from Component table and load the profiles

* Creates components and attaches ports

* Creates connections using the connection map

» Sets interfaces on ports

* Links elements to specified requirements

» Saves referenced models

» Saves the architecture model

Make sure the current directory is writable because this example will create files.
[stat, fa] = fileattrib(pwd);

if ~fa.UserWrite
disp('This script must be run in a writable directory');

return;
end
% Instantiate adapter class to read from Excel.
modelName = 'simpleUAVArchitecture';
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% importModelFromExcel function reads the Excel file and creates the MATLAB

% tables.

importAdapter = ImportModelFromExcel('SmallUAVModel.xls"', 'Components', 'Ports','Connections', 'Por
importAdapter.readTableFromExcel();

Import an Architecture

model = systemcomposer.importModel (modelName, importAdapter.Components,importAdapter.Ports,import,
% Auto-arrange blocks in the generated model
Simulink.BlockDiagram.arrangeSystem(modelName);

simpleUAVArchitecture

Propulsion SupervisoryC
EngineStatus [+ [+ EngineStatus
b dT - = Fuellevel [» Iy FuelData

PurStatus > b PirStatus

Data Link[{ B>
b Telemetry
FlightComputer
Flight Support Components I |
F J B E - ADSEData [»
L) AirData [» I+ AirData
" — Control Surface Cmds [»
GS Comi [» ADSBData . ontr
P> 4GS Commands = GPSData [» [+ EngineStatus
- = e FuelData [+ Payload
I+ Fuelleve . I i
. Operator Cmds [ b operatorCmds Data Link [ —4lData Link
I+ GPSOEE .
Telemetry |- -+ 4l Telemetry
I GS Commands
- dT I+
b PuwrStatus
ightCmds B Telematry [ >

Airframe
GS Commandsp—{1 otSFeDEf=ton

b lightCmds | =

Export an Architecture

You can export an architecture to MATLAB tables and then convert 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 the above structure to excel file.

SaveToExcel('ExportedUAVModel', exportedSet);

o°

Close Model

bdclose(modelName) ;
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Import System Composer Architecture using Model Builder.

This example shows how to import architecture specifications into System Composer using the
systemcomposer.io.modelBuilder() utility class. These architecture specifications can be defined in
external source such as Excel file.

In system composer, an architecture is fully defined by three sets of information:

Components and its position in architecture hierarchy

Ports and its mapping to components

Connections between the components through ports In this example, we also import interface data
definitions from external source.

Interfaces in architecture models and its mapping to ports

This example uses systemcomposer.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

Step 1.

Architecture.xlsx : This Excel file contains hierarchical information of the architecture model. This
example maps the external source data to System Composer model elements. Below is the
mapping of information in column names to System Composer model elements.

#
#
#
#

H*

H* H#*

Element
Parent
Class
Domain

Kind

InterfaceName :
ConnectedTo :

: Name of the element. Either can be component or port name.

: Name of the parent element.

: Can be either component or port(Input/Output direction of the port).
: Mapped as component property. Property "Manufacturer" defined in the

profile UAVComponent under Stereotype PartDescriptor maps to Domain values il

: Mapped as component property. Property "ModelName" defined in the

profile UAVComponent under Stereotype PartDescriptor maps to Kind values in ¢
If class is of port type. InterfaceName maps to name of the interface 1linl
In case of port type, it specifies the connection to

other port defined in format "ComponentName: :PortName".

DataDefinitions.xlIsx : This excel file contains interface data definitions of the model. This example
assumes the below mapping between the data definitions in the source excel file and interfaces
hierarchy in System Composer :

#
#
#

#
#
#
#

Name
Parent
Datatype

Dimensions
Units
Minimum
Maximum

: Name of the interface or element.
: Name of the parent interface Name(Applicable only for elements)
: Datatype of element. Can be another interface in format

Bus: InterfaceName

: Dimensions of the element.

: Unit property of the element.
: Minimum value of the element.
: Maximum value of the element.

Instantiate the model builder class

You can instantiate the model builder class with a profile name.

Make sure the current directory is writable because this example will be creating files.
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[stat, fa] = fileattrib(pwd);
if ~fa.UserWrite
disp('This script must be run in a writable directory');

return;
end
% Name of the model to build.
modelName = 'scExampleModelBuider';

% Name of the profile.

profile = 'UAVComponent';

% 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 external source file DataDefinitions.xlsx, we build the interface data
model.

Create MATLAB tables from source Excel file.

opts = detectImportOptions('DataDefinitions.xlsx"');
opts.DataRange = 'A2'; % force readtable to start reading from the second row.
definitionContents = readtable('DataDefinitions.xlsx', opts);

% systemcomposer.io.IdService class generates unique ID for a
% given key
idService = systemcomposer.io.IdService();

for rowItr =1l:numel(definitionContents(:,1))
parentInterface = definitionContents.Parent{rowItr};
if isempty(parentInterface)
% In case of interfaces adding the interface name to model builder.
interfaceName = definitionContents.Name{rowItr};
Get 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);
Builder utility function to add interface to data
dictionary.
uilder.addInterface(interfaceName,interfacelD);

o® o° of

T o° o°

else

In case of element read element properties and add the element to
parent interface.

elementName = definitionContents.Name{rowItr};

interfaceID = idService.getID('interfaces', parentInterface);

% ElementID is unique within a interface.

% Appending 'E' at start of ID for uniformity. The generated ID for
% input element is unique within parent interface name as container.
elemID = idService.getID(parentInterface,elementName, 'E');

% Datatype, dimensions, units, minimum and maximum properties of

% element.

datatype = definitionContents.DataType{rowlItr};

dimensions = string(definitionContents.Dimensions(rowlItr));

units = definitionContents.Units(rowlItr);

% Make sure that input to builder utility function is always a

% string.

o o°
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if ~ischar(units)

units = '';
end
minimum = definitionContents.Minimum{rowItr};
maximum = definitionContents.Maximum{rowItr};

% Builder function to add element with properties in interface.
builder.addElementInInterface(elementName, elemID, interfaceID, datatype, dimensions, un:
end
end

Step 3. Build Architecture Specifications.

Architecture specifications de Create MATLAB tables from source Excel file.

excelContents = readtable(architectureFileName);
% Iterate over each row in table.
for rowItr =1l:numel(excelContents(:,1))
% Read each row of the excel file and columns.
class = excelContents.Class(rowltr);
Parent = excelContents.Parent(rowItr);
Name = excelContents.Element{rowItr};
% Populating the contents of table using the builder.
if strcmp(class, 'component')
ID = idService.getID('comp',Name);
% Root ID is by default set as zero.
if strcmp(Parent, 'scExampleSmallUAV")
parentID = "0";
else
parentID = idService.getID('comp', Parent);
end
% Builder utility function to add component.
builder.addComponent (Name, ID,parentID);
% Reading the property values
kind = excelContents.Kind{rowItr};
domain = excelContents.Domain{rowItr};
% *Builder to set stereotype and property values*
builder.setComponentProperty(ID, 'StereotypeName', 'UAVComponent.PartDescriptor', 'ModelNar
else
In this example, concatenation of port name and parent component name
is used as key to generate unique IDs for ports.
ortID = idService.getID('port',strcat(Name,Parent));
For ports on root architecture. compID is assumed as "0".
if strcmp(Parent, 'scExampleSmallUAV")
compID = "0";
else
compID = idService.getID('comp',Parent);

o°® T o° o°

end
% Builder utility function to add port.
builder.addPort(Name, class, portID, compID );

% InterfaceName specifies the name of the interface linked to port.
interfaceName = excelContents.InterfaceName{rowItr};

% Get interface ID. getID() will return the same IDs already
% generated while adding interface in Step 2.

interfacelID = idService.getID('interfaces',interfaceName);

% Builder to map interface to port.
builder.addInterfaceToPort(interfaceID, portID);
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% Reading the connectedTo information to build connections between

% components.
connectedTo =

o® o° of

if ~isempty(connectedTo)
connID = idService.getID('connection',connectedTo);

splits = split(connectedTo,'::"');

Get the port ID of the connected port.

In this example, port ID is generated by concatenating
port name and parent component name. If port id is already

s generated getID() function returns the same id for input key.

[)

0° 0 of

o

excelContents.ConnectedTo{rowItr};
connectedTo is in format -:
(DestinationComponentName: :DestinationPortName).
For this example, considering the current port as source of the connection.

connectedPortID = idService.getID('port',strcat(splits(2),splits(1)));
% Using builder to populate connection table.

sourcePortID = portID;

destPortID = connectedPortID;
% Builder to add connections.
builder.addConnection(connectedTo, connID,sourcePortID,destPortID);

end
end
end

Step 3. Builder build method imports model from populated tables.

[model, importReport] = builder.build(modelName);

scExampleModelBuider

1> 4GS Commands |
Flight Support Compenents =

pr— AirData P

[+ ADSBData GPSData

== GPSSupportData >

GS Commands [

Close Model

bdclose(modelName) ;
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