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Creating and Leveraging Structures

Complete the exercises in this lesson to reinforce the concepts you learn in Lesson 5 of LabVIEW Core 1.

Exercises

Exercise 5-1  Concept: Manipulating Arrays
Exercise 5-2  Concept: Clusters

Exercise 5-3  Concept: Type Definition
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Exercise 5-1 Concept: Manipulating Arrays

Goal

Manipulate arrays using various LabVIEW functions.

Description
You are given a VI and asked to enhance it for a variety of purposes. The front panel of this VI is built. You complete the block diagram to practice several different

techniques to manipulate arrays.

Implementation

1. OpenManipulating Arrays.lvproj inthe <Exercises>\LabVIEW Core 1\Manipulating Arrays directory.

2. Open Array Manipulation VI from the Project Explorer window. The front panel, shown in Figure 5-1, is already built for you.
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Figure 5-1. Array Manipulation VI Front Panel
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3. Open the block diagram and complete each of the cases that correspond to the tabs on the front panel as shown in Figures 5-2 through 5-8.

Figure 5-2. Array Manipulation VI—Concatenate Channels Case
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Build Array—Expand this node to accept two inputs, and then right-click and select Concatenate inputs from the shortcut menu.
2 Wire the sine wave and square wave outputs to the Build Array function to create a 1D array with both waveforms.

4. Switch to the front panel and test the Concatenate Channels case.
O On the front panel, click the Concatenate Channels tab.
O Run the VI and notice that the sine wave is concatenated with a square wave.

5. Stop the VL.

6. Switch to the block diagram and select the Add/Subtract Channels case.
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7. Complete the Add/Subtract Channels case as shown in Figure 5-3 and Figure 5-4.
Figure 5-3. Array Manipulation VI—Add/Subtract Channels True Case
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1 Subtract?—Wire this to the case selector terminal so that the correct case executes when you click the Subtract? button on the front panel.

2 Case Structure—Place a Subtract function in the True case, so that the VI subtracts the elements of the array when the Subtract? button on the front panel is
pressed.




Figure 5-4. Array Manipulation VI—Add/Subtract Channels False Case

1 When the value of the Subtract? Boolean control is False, the array elements are added.

@ Note This case demonstrates polymorphic functionality by adding and subtracting elements of the array.
8. Switch to the front panel and test the Add/Subtract Channels case.

00 On the front panel, click the Add/Subtract Channels tab.

O Run the VL.

O Click the Subtract? button and observe the behavior of subtracting the square wave from the sine wave.
9. Stop the VL.

10. Switch to the block diagram and select the Select a Channel case.
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11. Complete the Select a Channel case as shown in Figure 5-5.

Figure 5-5. Array Manipulation VI—Select a Channel
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Build Array—Combines the sine and square waves into one 2D array.

2 Index Array—Extracts row 0 or 1 from the 2D array. The output from this function is a 1D array and is the waveform you select with the Select Channel control.
The waveform is displayed on the Single Channel of Data Waveform Graph and the Single Channel of Data Array indicator.

3 Select Channel—Wire to the row input of the Index Array function.
4 Array Size—Because you are using a 1D array, this function outputs a scalar value.

Note The Select a Channel case uses a property node to change the color of the graph plot. You learn about Property Nodes LabVIEW Core 2.
12. Switch to the front panel and test the Select a Channel case.
O On the front panel, click the Select a Channel tab.

O Run the VI.

O Switch between Channel 0 and Channel 1 and notice the different values shown in the Single Channel of Data Array indicator.



13. Stop the VL.
14. Switch to the block diagram and select the Waveform Data case.
15. Complete the Waveform Data case block diagram as shown in Figure 5-6.

The waveform datatype is a special kind of cluster that contains additional timing information about the waveform.

Figure 5-6. Array Manipulation VI—Waveform Data
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Add—Uses the value from the Offset control to modify the value of the waveform in the waveform datatype. Notice the value from the Offset control must be
coerced to be used with the waveform datatype.

1

@ Note Polymorphism is the ability of VIs and functions to automatically adapt to accept input data of different data types, including arrays, scalars, and
waveforms. Vs and functions are poelymoprhic to varying degrees.

16. Switch to the front panel and test the Waveform Data case.
O On the front panel, click the Waveform Data tab.

O Run the VL.
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O Change the value of the Offset control and notice the square wave move on the Waveform Data chart.

17. Stop the VL.

18. Switch to the block diagram and select the All Data Channel case.
19. Complete the All Data Channel case as shown in Figure 5-7.

Figure 5-7. Array Manipulation VI—AIl Data
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Add—Modify the same data in one array by adding the value of the Channel 1 Offset to each element of the array.
For Loop—Extracts each element of the array using auto indexing so that the Add function in the For Loop can add the scalar value.

Build Array—Takes the two 1D arrays and builds a 2D array. Each 1D array becomes a row in the 2D array.

Array Size—Outputs a 1D array where each element shows the size of each dimension. In this exercise, you have 2 elements of data for the number of rows
and columns.

A W N =

5 All Data Channel and Data Channel Array indicators display the same data.




é Note The polymorphic functionality of LabVIEW functions allows you to perform the same operation on each element without extracting the array
elements, as you do with the two Add functions in the All Data Channel case.

20. Switch to the front panel and test the All Data Channel case.

O On the front panel, click the All Data Channel tab.

O Run the VI

O Change the value of the Channel 1 Offset control and observe the behavior.
21. Stop the VL.
22. Switch to the block diagram and select the Waveform Subset case.

23. Complete the Waveform Subset case as shown in Figure 5-8.
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Figure 5-8. Array Manipulation VI—Waveform Subset
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Array Subset—Extracts a subset of an existing array. In this exercise, you use this function to zoom in on a subset of the waveform you generated.
Numeric Constant—These constants specify that the function extract the first two rows starting at element 0.
Start Value—Sets the start index. The default value is set to start at element 0.

A W N =

Length—Sets the number of elements to extract. The default value is set to output 1000 elements.

24. Switch to the front panel and test the Waveform Subset case.
O On the front panel, click the Waveform Subset tab.
O Run the VL.

O Change value of the Start Value and Length sliders and notice that the Subset Data waveform graph x-axis starts at zero and finishes at the number of
elements in the new array. The x-axis starts at zero because the VI creates a brand new array and the graph does not know where the data was located in the
original array.

25. Stop the VL.



Using the NI Example Finder to Learn More about Arrays

Use the NI Example Finder to browse or search examples installed on your computer or on the NI Developer Zone at ni . com/zone. Example VIs can show you
how to use specific functions and programming concepts such as arrays and polymorphism.

Complete the following steps to use the NI Example finder to locate example VIs that demonstrate different ways to use the Array function.
1. Select Help»Find Examples to start the NI Example Finder.

2. Click the Search tab and enter the keyword array.

3. Click the Search button to find VIs using that keyword.

4. Click one of the example VlIs in the search results list and read the description.

5. Double-click an example VI to open it.

6. Read through the comments on the front panel and block diagram to learn more about what this example VI demonstrates.

7. Run the example, examine the different cases, and click the Stop button to exit.

8. Close the VIs and the NI Example Finder when you are finished.

End of Exercise 5-1
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Exercise 5-2 Concept: Clusters

Goal
Create a cluster datatype containing the data to be passed around an application and, in the process, create scalable, readable code.

Description
You create a cluster which contains the data used by the Temperature Warnings VI you created in Lesson 3. You modify the Temperature Warnings VI to receive and

return data in the form of that same cluster as shown in Figure 5-9. The modified VI works in a more modular fashion with other subVlIs in the overall application.

Figure 5-9. Temperature Warnings VI with Clusters Front Panel
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Lesson 5

Creating and Leveraging Structures

1. OpenWeather Warnings.lvproj inthe <Exercises>\LabVIEW Core 1\Weather Warnings directory.

2. Open Temperature Warnings VI from the Project Explorer window.

3. Place existing controls and indicators in a cluster named Weather Data as shown in Figure 5-10.

Figure 5-10. Create Cluster
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1 Cluster—Use the Cluster control from the Silver palette and change the label to Weather Data.
2 Select controls and indicators to include in the cluster. <Shift>-click to select multiple objects.
3 Drag the controls and indicators into the Weather Data cluster.




4. Resize the cluster so that all the elements are visible and arranged vertically as shown in Figure 5-11.

Figure 5-11. Resize Cluster Control
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1 Autosize cluster—LabVIEW can rearrange and resize the cluster for you. Right-click the border of the Weather Data cluster and select AutoSizing»Arrange

Vertically.
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5. Reorder the items in the cluster as shown in Figure 5-12

Figure 5-12. Reorder Cluster
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1 Right-click the edge of the cluster and select Reorder Controls in Cluster.
2 Click the black numbers to toggle the order of the items in the cluster.

3 Click the Confirm button to save the changes.




6. Modify the VI to receive and return cluster data.

Figure 5-13. Temperature Warnings—Weather Data In and Weather Data Out Clusters
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1 Weather Data—<Ctrl>-click the Weather Data cluster and drag it to create a copy. Rename the copy Weather Data In.
2 Weather Data—Right-click the original cluster and select Change to Indicator. Rename the indicator weather Data Out.
3 Wire connector pane—Wire the Weather Data In control to the top left corner of the connector. Wire Weather Data Out to the top right corner.
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7. Modify the block diagram as shown in Figure 5-14 to extract data from the input cluster.
O Move the Weather Data In cluster to the left, outside the Case structures.

O Move the Weather Data Out cluster to the right outside the Case structures.

Figure 5-14. Temperature Warnings with Clusters Block Diagram

M Mo Error 't
| False 't
|If Current Temperature == Max Temperature, output a Heatstroke “Warning,
Heatstroke Warhing
=3 >
Weather Data In
a] 1 >> No Warning >> S — - —TrrTE
INo Warninél II Weather Data Qut
>
> P
1 i)
[If Current Ternperature <= Min Ternperature, output a Freeze Warning, ‘

ErrorIn Error Out
= 'l oo b2 |

1 Unbundle By Name—Wire the Weather Data In control and expand the Unbundle By Name function to display three items. Wire the outputs of the Unbundle
By Name function to the broken wires in the order shown. Because you moved individual controls and indicators into a single cluster, you must use the Unbundle
By Name function to wire the internal controls and indicators independently of each other.

2 Bundle By Name—Wire the Weather Data In cluster around the Case structure to the input cluster of the Bundle by Name function. Display two elements and
use the Operating tool to select Warning? and Warning Text elements. Connect the broken wires to the Unbundle By Name inputs as shown.

@ Note Ifthe order of the elements in the Unbundle By Name and the Bundle By Name functions is different than what you want, can use the Operating tool
to change the order.

8. Save and close the Temperature Warnings VI.



Test
1. Use the SubVI Tester VI to test the modified Temperature Warnings VI as a subVI.
O On the block diagram, delete the Thermometer, Warning?, and Warning Text indicators and any broken wires. Press <Ctrl-B> to clean up all broken wires.

O Modify the SubVI Tester VI to work with the Temperature Warnings VI that now uses clusters as shown in Figure 5-15.

Figure 5-15. SubVI Tester VI Block Diagram Modified to Work with Modified Temperature Warnings VI
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1 Weather Data—Right-click the Weather Data Out output of the Temperature Warnings VI and select Create»Indicator. Wire the output to the edge of the While
Loop, right-click the tunnel, and then select Replace with Shift Register from the shortcut menu. The shift register stores the cluster data from one iteration to
the next.

2 Constant—Right-click the left shift register and select Create constant to initialize weather data to values. Rename the constant Initialize Weather.

3 Bundle By Name—Wire the shift register from the Initialize Weather constant to the input cluster of the Bundle By Name function. Expand the Bundle By Name
function to display three elements.
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O Arrange the front panel as shown in Figure 5-16.

Figure 5-16. SubVI Tester VI Front Panel Modified with Clusters
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O Run the VI and verify that the Weather Data indicator displays correct values.

2. Save and close the VI

End of Exercise 5-2



Exercise 5-3 Concept: Type Definition

Goal

To improve the scalability of your application by using type definitions made from custom cluster controls, indicators, and constants of a particular data type.

Scenario

As a LabVIEW developer, you can encounter situations where you need to define your own custom data types in the form of clusters and enums. A challenge
associated with using custom data types is that you may need to change them later in development. In addition, you may need to change them after they have already
been used in VIs. For example, you create copies of a custom data type and use them as controls, indicators, or constants in one or more VIs. Then you realize that
the custom data type needs to change. You need to add, remove, or change items in the cluster data type or the enum.

As a developer you must ask yourself the following questions:
*  What should happen to the copies of the custom data types used in VIs that are already saved?

*  Should the copies remain unchanged or should they update themselves to reflect changes to the original?

Usually, you want all the copies of the custom data type to update if you update the original custom data type. To achieve this you need copies of the custom data
types to be tied to a type definition, which is defined as follows:

Type definition—A master copy of a custom data type that multiple VIs can use.

Implementation
In this exercise, you modify the Temperature Warnings VI that you revised in Exercise 5-2 in such a way that the changes to the Weather Data custom data type
propagate through the application.

When complete, the Weather Station application monitors temperature and wind information. This exercise modifies the Temperature Warnings VI. In the Challenge
exercise, you modify the Windspeed Warnings VI.

1. OpenWeather Warnings.lvproj inthe <Exercises>\LabVIEW Core 1\Weather Warnings directory.

2. Open Temperature Warnings VI from the Project Explorer window.
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3. Experiment with changing an existing cluster.
O Place a File Path Control (Silver) in the Weather Data In cluster control.
OO Notice that the Temperature Warnings VI is broken. This is because the Weather Data In and Weather Data Out clusters are no longer the same data type.
O Open the block diagram and notice the broken wire connected to the Weather Data Out terminal.
O Press <Ctrl-Z> to undo the addition of the File Path Control.
4. Make a type definition.
O Right-click the border of the Weather Data In control and select Make Type Def.
OO On the block diagram the Weather Data In terminal now has a black triangle on the corner indicating that it is connected to a type definition.

O Right-click the border of the Weather Data In control and select Open Type Def to display the Custom Control Editor window as shown in Figure 5-17.

The window looks like the front panel of a VI but it does not have a block diagram.



Figure 5-17. Custom Control Editor Window
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The control type is Type Def, which maintains the link between this file and the custom control copies used in Vls.

O Save the custom control as Weather Data.ctl inthe<Exercises>\LabVIEW Core 1\Weather Warnings directory and close the control editor

window.

O On the block diagram of the Temperature Warnings VI, notice the coercion dot on the Weather Data Out indicator terminal. This indicates that the indicator

is not tied to the type definition.

5. Tie the Weather Data Qut indicator to the type definition.

O Right-click the border of the Weather Data Out indicator on the front panel and select Replace»Select a Control from the shortcut menu.

O Browse to and select the Weather Data.ctl file you just created.
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é Note You can no longer add or remove elements to or from the cluster control and indicator on the front panel. You must open the type definition and add
or remove the element from the control editor window.

O Save the Temperature Warnings VI.
6. Edit the Weather Data type definition to include unit information.
O Right-click the border of the Weather Data In control and select Open Type Def from the shortcut menu.

O Modify the front panel as shown in Figure 5-18.



Figure 5-18. Weather Data Type Definition with Temperature Units
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1 Enum (Silver)—Place an enum in the cluster and rename it Uni ts. Right-click the enum and select Edit items. Create an item for Celsius and Fahrenheit.

O Save the Weather Data type definition and close the control editor window.
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O Notice that the Weather Data In control and Weather Data Out indicator on the Temperature Warnings VI have been updated with the changes you made

to the Weather Data type definition. Arrange the front panel of the VI as shown in Figure 5-19.

Figure 5-19. Temperature Warnings VI with Type Def Controls and Indicators
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Test
1. Use the SubVI Tester VI to test the modified Temperature Warnings VI as subVls.
O Open the SubVI Tester VI from the Project Explorer window.
00 On the front panel, right-click the Weather Data Out cluster and select Replace»Select a Control from the shortcut menu.
0 Navigate to the Weather Data.ctl file in the <Exercises>\LabVIEW Core 1l\Weather Warnings directory and select it.
0 On the block diagram of SubVI Tester VI, delete the following items:
» Initialize Weather constant wired to the left shift register
* Any broken wires. Press <Ctrl-B> to clean up all broken wires.

O Modify the SubVI Tester VI to work with the Temperature Warnings VI which now uses type definitions as shown in Figure 5-20.
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Figure 5-20. SubVI Tester VI Block Diagram Modified to Test Temperature Warnings SubVI
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Initialize shift register—Right-click the left shift register and select Create»Constant to initialize the shift register. Right-click the cluster and select View Cluster
as Icon.
2 Bundle By Name—Expand the node to display four elements. Use the Operating tool to select Units.

Wire the Units (0:Celsius) constant to the Units element of the Bundle By Name function.




O Arrange the front panel as shown in Figure 5-16.

Figure 5-21. SubVI Tester VI Front Panel Modified with Type Def
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O Enter values in the Max Temperature and Min Temperature controls.

2. Run the VI and verify that correct values are displayed in the Weather Data Out indicator.
3. Save and close the VI.

Challenge

In this challenge exercise, you modify the Windspeed Warnings VI to augment the Weather Station application. You then modify test the Windspeed Warnings VI as

a subVlI.

1. Add the Windspeed Warning VI to the Weather Station project.

O In the Project Explorer window, right click My Computer and select Add»File from the shortcut menu.

O Navigate to <Exercises>\LabVIEW Core l\Weather Warnings\Support VIs and select Windspeed Warnings.vi.
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2. Open the Windspeed Warnings VI.
3. Copy the Weather Data In cluster from the Temperature Warnings VI to the Windspeed Warnings VL.
4. Right-click the Weather Data In cluster and select Open Type Def from the shortcut menu.

5. Modify the Weather Data type definition with windspeed controls as shown in Figure 5-22.

Figure 5-22. Windspeed Warnings VI Type Definition Controls and Indicators
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6. Modify the block diagram of the Windspeed Warnings VI to use the new Weather Data type definition instead of individual controls and indicators, as shown in
Figure 5-23.

Figure 5-23. Windspeed Warnings VI Using Type Definitions
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Weather Data cluster

constant shown as [con

7. Modify the SubVI Tester VI to work with the Windspeed Warnings VI, as shown in Figure 5-24.
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Figure 5-24. SubVI Tester VI Block Diagram Modified to Test Windspeed Warnings SubVI
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8. Run the SubVI Tester VI and verify that correct values are displayed in the Weather Data Out indicator.
9. Save and close the VI and the project.

End of Exercise 5-3






