Course Software Version 2014
November 2014 Edition
Part Number 325511D-01

Copyright

© 2004-2014 National Instruments. All rights reserved.
Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or ical, i i i ing i eval system, or
translating, in whole or in part, without the prior written consent of National Instruments Corporation.
National Instruments respects the intellectual property of others, and we ask our users to do the same. NI software is protected by copyright an 2 ¢ . ftware may
be used to reproduce software or other materials belonging to others, you may use NI software only to reproduce materials that you may reproduc any 3 able license
or other legal restriction.

End-User License Agreements and Third-Party Legal Notices

You can find end-user license agreements (EULAs) and third-party legal notices in the following locations:

* Notices are located in the <National Instruments>\_Legal Information and <National Instruments> directories.
+ EULAs are located in the <National Instruments>\Shared\MDF\Legal\license directory.

* Review <National Instruments>\_Legal Information.txt for more information on including legal information in installers built with NI products.



Trademarks
Refer to the NI Tradem ines at ni . com/trademarks for more information on National Instruments trademarks.

Xilinx is the registered tr:
Taptite and Trilobular are registered trade
FireWire® is the registered trademark of
Linux® is the registered trademark of Linus

Handle Graphics®, MATLAB®, Real-Time Work re registered trademarks, and TargetBox™ and Target Language Compiler™ are trademarks of The
MathWorks, Inc.

Instruments.

Patents
For patents covering National Instruments products/technology, refer to the appropriate location: Help»Patents i
Patent Notice atni .com/patents.

dia, or the National Instruments



Worldwide Technical Support and Product Information /
ni.com

Worldwide Offices

Visit ni . com/niglobal to access the branch office websites, which provide up-to-date contact information, support phone numbers, email addresses, and t events.

National Instruments Corporate Headquarters
11500 North Mopac Expressway ~Austin, Texas 78759-3504 USA Tel: 512 683 0100

To comment on National Instruments documentation, refer to the National Instruments website at ni . com/info and enter the Info Code feedback.






...................................................................................................................................................................................... vii
.................................................................................................................................................................................. viii
................................................................................................................................................... X
........................................................................................................................................................ X
................................................................................................................................................................ X
Lesson 1
Developing Successful £
Exercise 1-1 REGUITEMENS DOEIIICHL......... il ettt ettt ettt sb et s be bt e et sbe e bt eatesbe e be et e sbe e 1-3
Exercise 1-2 Review User L@t ettt ettt R ettt ettt ettt et h e e a e bttt e h e e bt et e eh e e bt et e eh e e bt et e ehe et e eatenbeebeeanens 1-5
Lesson 2
Organizing the Project
Exercise 2-1 Create a Project Library ..ol it i ettt ettt ettt e e eebeesbeesnseenneas 2-3
Exercise 2-2 Resolve Project Conflicts........... e e B et e eeeeeeeveeeeaaeeeeaeeesaeeensaeesnseeenes 2-7
Lesson 3
Creating an Application Architecture
Exercise 3-1 Create a Queued Message Handler.............coooueenenn bl
Exercise 3-2 Handshaking with Notifiers ..........cccoecveevienieecieennnns A VRN AU
Lesson 4
Customizing the User Interface
Exercise 4-1 Create a User Interface PrototyPe........ooveeiieiiieriieiieeieeieeceeeieeeee e sve e ettt e,
Exercise 4-2 Create User DOCUMENTATION ......eiiueiiiieiiiiiiieiie ettt ettt et e st eeesaee e e e e eneeesae de MR e eeaveas
Exercise 4-3 Initialize an Application from @ File..........ccoioiiiiiiiiiii e e
Exercise 4-4 Improve Application USADIIILY ........ccueeiiiiiiiiiiieiieeie ettt esee ettt eseesreeseeeeeseensee s s Giha e e eebeesseeenseesseastaeensnas

LabVIEW Core 3 Exercises © National Instruments | v



Contents ni.com | i

Lesson 5
Managing an

Exercise 6-3
Exercise 6-4
Exercise 6-5

Appendix A
Additional Information and Resource



Student

Thank yo abVIEW Core 3 course kit. This course manual and the accompanying software are used in the three-day, hands-on LabVIEW Core 3

ard the corresponding course registration fee if you register within 90 days of purchasing the kit. Visit
ni.com/t i i urse schedtles, sy training centers, and class registration.

al es and corrections, refer to ni . com/info and enter the Info Code core3.

A. NI Certification

The LabVIEW Core 3 course is part of a surses deg 1'to build yot
exams. The following illustration shows the co that a of the LabVI}
NI Certification.

oficiency with LabVIEW and help you prepare for NI LabVIEW certification
eries. Refer to ni . com/training for more information about

LabVIEW Learning Path

Certified LabV Certifie IEW
Associate Developer B Jer

LabVIEW LabVIEW LabVIEW 1 m
Getting Started Core 1 Core2 |

y—— 4
LabVIEV
Conne
ObjeetOriented
Design &

Programming
in LabVIEW

LabVIEW Core 3 Exercises © National Instruments |  vii



Student Guide ni.com viii

LabVIEW Core 3 i red practices to design, implement, document, and test LabVIEW applications. This course focuses on developing
eadable, and maintainable. The processes and techniques covered in this course help reduce development time and improve

* A discussion of the topics in the le

* A summary quiz that tests and reinforces i

In the exercise manual, each lesson consists of the follo
* A set of exercises to reinforce the topics in the lesson

* Some lessons include optional and challenge exercise sections or a

@ Note The exercises in this course are cumulative and lead toward devel
solution VI for that exercise, available in the <Solutions>\LabVIEW Co

ip an exercise, use the



C. What You

Before you use this

ed to Gé arted

e manual, make sure you have the following items:

O Wind XP or late alled on your computer

O Lab Professional [ opment System 2012 or later

O LabVIEY e 3 course £ ontaining the following folders:

Directory Description

Exercises '7' containifig Vis.and other files used in the course

Solutions der con g complete rse exercises

D. Installing the Course Software

Complete the following steps to install the course softwa
1. Insert the course CD in your computer.

2. Follow the prompts to install the course material.

The installer places the Exercises and Solutions folders at the top level of the
3 directory.

es>\LabVIEW Core

@ Tip Folder names in angle brackets, such as <Exercises>, refer to folders in th

E. Course Goal

key application features in a manner that satisfies requirements for readability, scalability, and maintainability.
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Exercise 5-1 Manage Errors

Goal

Modify your code to gracefully handle both critical and non-critical errors.

Scenario
In the sprint planning meeting for this iteration, the product owner chose to implement the following user stories:

* As aboiler operator, I.want the boiler controller to prevent the boiler from entering an unsafe state as a result of a critical error.

* Asa boiler operator, I want the system to be robust enough that minor errors do not result in system shut down, so that the boiler only shuts down if the error
prevents safe operation.

Critical errors require shutting down the application because they cannot be otherwise managed. If they are not handled, critical errors may result in injury to personnel
or damage to equipment. They may also place the system into an unmanageable state.

Non-critical errors are more akin to inconveniences that should not prevent continued execution of the application.

After discussing these user stories with the team, you identified and classified the following errors:

Table 5-1. Errors

Cause of Error Critical or Non-Critical
Cancelling the Open File dialog when loading the INI file Non-critical
The user chooses an invalid INI file Critical
During development, you accidentally mistype a message string or case name Critical

To address these errors, your team identifies the following tasks:

1. Modify Read Configuration Data.vi to handle cancellation of the Open File dialog.

2. Modify Read UI Constants.vi to handle selection of an invalid INI file.

3. Modify the Default case of the Message Handling Loop and Boiler Controller to handle typos when sending messages.

4. Modify the Message Handling Loop and Boiler Controller Loop to handle shutting down in the event of a critical error.
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Lesson 5 Managing and Logging Errors

Design
The team decides on the following strategies for approaching each task:

L.

Modify Read Configuration Data.vi to handle cancellation of the Open File dialog.

* Modify Read Configuration Data.wvi to load a default INI file if the user cancels the Open File dialog.
Modify Read UI Constants.vi tohandle selection of an invalid INI file.

* Modify Read UI Constantswwvi to check that each key was properly read from the INI file.

« Use an error ring to generate a custom error to indicate thatthe INI file is not valid.

Modify the Default case of the Message Handling Loop and Boiler Controller to handle typos when sending messages.
» Use an error ring to generate a custom error to indicate that an invalid message was received by that loop.

Modify the Message Handling Loop and Boiler Controller Loop to handle shutting down in the event of a critical error.
*  Create a separate Error case in the Message Handling Loop and Boiler Controller Loop.

*  Modify Dequeue Message.vi to send you to the Error case instead of the Exit case in the event of an error.

»  Critical errors should be passed as message data from the bottom up (Boiler»Boiler Controller»Message Handling Loop)

*  The Error case of the Message Handling Loop sends you to the Initiate Stop case, as if you clicked Emergency Stop.

ni.com

5-4



e 5-1. Errors Passed up to the Message Handling Loop, which then Stops All Loops
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Implementation

Non-Critical Erro
1. Modify Read

R "



Figure 5-2. Read Configuration Data VI Block Diagram Load Default INI File

|: Mo Error "t
@ Enter Filename: ¥
MHL Configuration
Open Config Data.vi Close Config Data.vi
Error in A5k Ij H e error out
B 7} @] ! = L (H Bpt]

- ] Read UI Constants.vi

| ® Configuration Files b}rmmmsmnrannnnens

Select the configuration file to create and
then cpen it.

Build Path function
2 Path constant
Wire the cancelled output of the File Dialog express VI to the case selector.

2. Test the VI.

O RunMain.vi and cancel the Open File dialog. Notice that the code continues executing normally, using the default file.

© National Instruments 5-7
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Critical Errors
1. Modify Read Ul Constants to handle selection of an invalid INI file.

O RunMain.vi. Select any file other than the INI file that you created. Notice that the range of Fuel Control Valve updated to 0-1 instead of 10-75. This did
not.generate an error, but the application cannot function without proper configuration of the Fuel Control Valve limits.

O Modify Read UI Constants.vi.asshown in Figure 5-3 to check that each key was properly read from the INI file.

Figure 5-3. Read Ul Constants Using Error Ring

File Refnum in E T[N Error ~pf" a CFG File Refnum out
=3
MHL Configuraticn
MHL Configuration
— | Fuel
SMHL»
|- L)
error in L ----"}" — °}"_ E _ error out
IIE ¥ i, — = QSSUUU: Could notLadﬂconstants from... = e (5EH|
Double = Double = A
| @Fuel Control Valve Maximum®| :
| @ Fuel Cantrol Valve Minimurm b jreeenesnanmne @

1 Error Ring—Generate a custom error to indicate that the INI file is not valid. This error shuts down the system.

O Configure the Error ring with custom error code 5000 and the message Could not read UI constants from INI file.




0O Modify the Event Handling Loop to send the incorrect message, Resets, to the Message Handling Loop.

Figure 5-4. Event Handling Loop Reset: Value Change Case with Typo

[[0] "Reset": Value Change -

Rezet

1 Change the Message string consta
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O Open the Default case of the Message Handling Loop. Notice that the code is already generating an error. Replace the Format into String and Error Cluster
From Error Code functions with an error ring, as shown in Figure 5-5. This method of generating an error allows greater flexibility in how you generate the
error.

Figure 5-5. Message Handling Loop Default Case with Error Ring

T Defaukt Ml

‘Default’ case only runs if there is a message that isn't defined in any of the other cases,
Output a programming error.

@gSOGB: The invalid message string "%s" .. v
R

e S

1 Error Ring—Configure the error ring with Custom Error Code 5003 and the message The invalid message string “%$s”/was received in the
Message Handling Loop.




3. Modify the Default case of the Boiler Controller.vi asshown in Figure 5-6.

Figure 5-6. Boiler Controller VI Default Case with Error Ring

T Default ~Ff

'Default’ case enly runs if there is a message that isn't defined in any of the other cases.
Qutput a programming error,

5 Eme

15004: The invalid message string "%s" ...«
g g

1 Error ring—Configure the error ring with custom error code 5004 and the message The invalid message string
Boiler Controller Loop.

“%s” was received in the

O RunMain.vi. Click Reset. Notice that the application hangs because Dequeue Message.vi sends the Message Handling Loop directly into the Exit

case which causes the Message Handling Loop and Event Handling Loop stop, but no‘message is sent to the boiler controller to stop it and the boiler.

O To halt the application, select the Boiler window and press <Ctrl -.>.

LabVIEW Core 3 Exercises
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4. Modify the Message Handling Loop and Boiler Controller Loop to handle shutting down in the event of a critical error.

O Create an Error case in the Message Handling Loop and Boiler Controller Loop.

Figure 5-7. Message Handling Loop Error Case

" "Error” -

Data Cluster

MHL Queue H
=]

o L= 1]
2]
-




Figure 5-8. Boiler Controller Loop Error Case

W["Error” ]

LabVIEW Core 3 Exercises

Pass a blank error cluster constant out
to avoid getting stuck repeating this
case.
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5. Modify Dequeue Message.vi,as shown in Figure 5-9 to send you to the Error case instead of the Exit case in the event of an error.

@ Note Youmust close all open VIs and modify Dequeue Message.vi from the LabVIEW project. This VI is reentrant, so you must ensure that there is
only one copy in memory before you can edit it.

Figure 5-9. Dequeue Message Block Diagram

Message Queue dup Message Queue
L& ” iow]
@— e 3]
v Message
Fabc]
Message to Stop the HandlerIEn?l __________________

|j Error 't

? Message Data

Code Needed - If you want to
ignore any specific errors, add
them to the '0" case abowve,

error in (no error)
| Fauk

error out
I e

¥

code

RegularDequeue? [}

This VI pulls messages off the Message Queue. It has special error handling to account for an error occurring on the last iteration of thedVlessage
Handling Loop.

Ma Error - normal Dequeue Element operation.
Error - check if it is an error code you wish to ignore, If so, clear the error and gerform a normal Dequeue Element. If not, outputthe error, and
@—> output an 'Errer’ message, which will stop the message handling leop in the calling VL.

Update the comment to say that the output is an Error message instead of an Exit message
2 Update the Message to Stop the Handler to Error.
Error cluster constant

O Critical errors should be passed as message data from the bottom up—Boiler»Boiler Controller»Message Handling Loop.



Note Boiler Controller Error sends a message to the Message Handling Loop Error. Errors in the boiler are passed up to the Boiler Controller in the
same way.

The Error cases should not wire the error cluster into the Enqueue Message. For the Boiler Controller, wire an error cluster constant to the shift register for
each-loop to avoid anendless error cycle. (The desired effect for the error will happen by launching the shutdown process.)

O The Error case of the Message Handling Loop sends you to the Initiate Stop case, as if you clicked Emergency Stop.

Test the Application
1. Testthe VI.

O Run the VL.

O Verify that:
— Cancelling the Open File dialog does not stop the application.
— Specifying an invalid INI file stops the application.
— All previously-implemented functionality except for Reset still works.
— Clicking Reset generates a critical error that halts the application.

2. Test the build specification.

O Build the executable from the build specification.

O RunBoiler Controller.exe.

O Verify the behavior from Step 1.

— Cancelling the Open File dialog fails because the relative path to the default INI file is different for the EXE—in the data folder, instead of at the same
level.

LabVIEW Core 3 Exercises © National Instruments | 5-15
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3. Modify Read Configuration Data.vi, as shown in Figure 5-10, to use a different relative path for EXEs.

Figure 5-10. Modify Read Configuration Data Block Diagram

|: Mo Errar Vt
@ Enter Filename: ¥
] MHL Cenfiguration
B[ "Run Time System” ~f: e (ET
[ y 2 ]|
;" | True 't
B .
@:Q"‘
i ;ﬂ. Qpen Config Datawvi Close Config Datawvi
error in 5 5 @] [ g ﬂ@ 'jg - 3@ error out
[CFm e < APP o i s . o
App.Kind ¥ Ex I'i, Boiler Init.ir‘lil Read UI Constants.vi
@ Configuration Filesk

Select the configuration file ta create and
then open it.

4. Fix the forced error.

O Update the Reset case of the Event Handling Loop to call Reset instead of Resets.

End of Exercise 5-1



Exercise 5-2 Log Errors

Goal

Log information about any error that causes a system shutdown.

Scenario
In the sprint planning meeting for this iteration, the product owner chose to implement the following user story:

*  As aboiler operator; I want information about critical errors to be logged to disk, so that I can identify and troubleshoot the cause of the error at a later date.
As it is currently implemented, critical errors cause the application to.shut down without providing any additional information to the end-user.

To implement this user story, your team identifies the following tasks:

1. Create the error log file in the same directory as the main/application.

2. When a critical error occurs, log the error code and source.

3. If you cannot write to the application directory, display the error information to the user.

4. After logging the error, close the error log file reference.

Design
The team decides on the following strategies for approaching each task:

1. Create the error log file in the same directory as the main application.
* The error log should only be created if a critical error actually occurs.
* Create the error file in the Error case of the Message Handling Loop.
2. When a critical error occurs, log the current time, error code and source.
» Pass the error cluster as Message Data when you send the Error message.
»  Extract the error code and source from the error cluster.

* Create a subVI that writes the time, error code, and source to the error log file.

LabVIEW Core 3 Exercises © National Instruments | 5-17
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2. If you cannot write to the application directory, display the error information to the user.

O Modify the error file in the Error case of the Message Handling Loop as shown in Figure 5-11.

Figure 5-11. Message Handling Loop Error Case

[Message Handling Loop (MHL)]

Ta[ "Errar” f

¥k Data Cluster

QOpen/create the error log file and log the error details.
= Controller Queue Mote: The error cluster is not wired through because file errors are handled in Log
Errorwvi

= (Zontroller Exit Notifier
Build Path
OpeniCreate/Replace File

Stop Evnt | ooy T o
EE Lo £8 |
Cenfiguration B Clear Egrors.vi

Log Errorai

= MHL e ———— -: 1 =
Queve ! code & i pw— I:«,I-EI.‘
AE| s |

SOUFCE

Variant To Data

[ False vpf

1 Create the error log file in the same directory as the main application.
2 After logging the error, close the error log file reference
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3. When a critical error occurs, log the current time, error code and source.

O Modify the Error case of Boiler Controller.vi, as shown in Figure 5-12. You use the custom errors 5001 and 5002 in future exercises.

Figure 5-12. Boiler Controller Error Case

ni.com

5-20

T "Error”
]
Ignore errors generated by Read Configuration Data.vi. Those errors are passed to the
Message Handling Loop, the boiler controller and the boiler. The Message Handling Loop
already handles those errors, so the boiler controller does not need to send an Error
=) MHL message.

| Default 't

=
<1

W
B

A [ |

Clear erors to aveid getting stuck
repeating this case.

Clear Errors.vi

Kd)

[ 5000..5002 Vt

Pass the error cluster as Message Data when you send the Error message.




Test the Application
1. Test the VI

O Run the VI. Verify the following:

Specifying an invalid INI file stops the application and creates Error Log.txt.

Error Log.txt contains timeyerrorcode, and error source information similar to Figure 5-13.

Figure 5-13. Error Log.txt

O Modify the Reset event case of the Event Handling Loop to send a Resets message to the' Message Handling Loop.

File Edit Format Vieww Help

4:14:54 pm 9/2/2014 i
5000

Read UI Constants.vi<ERR>

Could not read UT constants from INI file.

H Error log.txt - Notepad @J Elﬂ‘ﬂ—hl

Run the VI again.

Clicking Reset halts the application with a critical error.
Open Error Log.txt and view the new entry to the file.
Close the file.

Fix the Reset case to send a Reset message.

O Verify the behavior when the application cannot write to the log file.

Set Error Log.txt to read-only.

Run the VI.

LabVIEW Core 3 Exercises
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Specify an invalid INIL Reset case.

End of Exercise 5-2
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