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Examples of Software Engineering Debt

(just some of the most common LabVIEW development mistakes)

AN

No source code control (or Project)

Flat file hierarchy

‘Stop’ isn't tested regularly

Wait until the ‘end’ of a project to build an application
Few specifications / documentation / requirements
No ‘buddying’ or code reviews

Poor planning (Lack of consideration for SMoRES)
No test plans

Poor error handling

No consistent style

Tight coupling, poor cohesion

LN X X X X X X
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The Cost of a Software Defect

Development Phase  Cost Ratio

Requirements 1
Design 3-6x
Implementation 10x

Development Testing 15-40x
Acceptance Testing 30-70x
Post Release 40-1000x

Based on an analysis of 63 software development projects at companies including IBM, GTE and TRW
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Lawrence Livermore National Labs

Developed automated maintenance process for world’s most energetic laser array
at the National Ignition Facility using NI LabVIEW and PXI

LabVIEW increased productivity by 3X over Java and C++
Developed complex application consisting of over 1,000 Vs
Applied software engineering practices to ensure quality

“The value in using the

graphical dataflow

language is the speed in
which a team can deliver a
robust solution while still
using proper software

engineering practices.
Glenn Larkin, LLNL
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LabVIEW in Large Applications

F&‘ﬂ :

Nexans Spider Robot Large Physics Applications

Medical Devices

In-Flight Fire Suppression

"¢ NATIONAL
' INSTRUMENTS




Software Engineering V-Model

. Requirements Review and Test ;

Application Integration
Architecture Testing

Module

Architecture Unit Testing

Development
& Debugging
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Seminar Topics

 Configuration Management and Code Reuse
* Requirements Management and Traceability
 Peer Reviews and Code Analysis

 Testing and Verification of Software

* Object-Oriented Design Patterns
 Hardware Abstraction Layers

« Data Communication Approaches

 Error Handling

 Advanced User Interface Design

hi.com/largeapps
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Application Introductions

DEMO
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Section One
Configuration Management and Code Reuse
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16
14
12
10

Size of LabVIEW Applications

0to 100 VIs 100 to 250 VIs 250 to 1000 VIs 1000 to 3000 3000 to 5000  Greater than
Vs Vis 5000
Source: 2010 ni.com/largeapps survey NATIONAL
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Average Number of Developers Per Project

25
20
15
10

9}

0 —- | - | . | .

>10 51010 3to5 2 1
Source: NIWeek 2008 Software Engineering Survey NATIONAL
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The Project Explorer

Benefits

« Easily access and navigate files
Preserve links when moving files

Manage hardware targets

Detect and find dependencies
Prevent and auto-detect cross-linking
Integration with Application Builder
Access to source code control

~ = =y
13 Project Explorer - UL Plugin Framewark.lvpraj @EI&J

File Edit View BEEEsS Operate Tools Window Help
" Sepl 4 B0 X6k R~ o[l
Ternz | Files

= @;l, Project: UL Plugin Framework.lvproj
= B My Computer
E}I'::J‘ Frarmewark 5ubVls
¢ @ [J Error Handling
L_J Main Type Definitions
[ Plugin Handler
[ User Interface
EE, Create Default Config settings.vi
>|=§. Get Configuration Information.vi |

‘- [l Root Location Globalvi
> [wl Stop Everything FGWY.vi
gﬁ. Top Level VI Reference.vi |
g+ Images |
= [ Parent Plugin Definition

i Br[J Plugin Template

| i~ [ Template Type Definitions
: Eg Plugin Design Pattern.vi
El [ Plugins

. L[l Pluginslvproj

¥ | Avatarini

gﬂ, main.vi

=83 Sliding Menu Library.hlib
B_"::? Dependencies

L[ vilib

I - wvd

¢ e[l Sliding Menu Methods.ctl
= % Build Specifications

icB My Source Distribution
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Managing Files

Autopopulating Folders
are synchronized to disk. They \
update in real time to reflect the
contents of folders on disk.

Virtual Folders —

rﬂ Froject Explorer - Calcula... u@ﬁ1

File Edit Wiew Project Qperate Tools  Windoy

S| B D X||ER|E

Items | Files |

=k E; Project: Calculakor, lvproj
= B My Computer
&+ [ Custom Controls |

allow you to customize how and
where files are displayed. They
provide a ‘snapshot’ view if
added from disk

- Display )
E ] Documentation )
+ E__,I Mernaty )

- (@ Pictures
Eﬂ, Calculator, vi

Dependencies
-+ Build Specifications
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Managing Dependencies

{3 Project Explorer - Untitled Project 1 * -

Window Help )

File Edit View Project Operate

o] 5

Tools

|fheESdl LB

|| & Bk | R~ » ||

Iterms | Files |

=kl Project Untitled Project1
= My Computer

a Main,vi e

=) =" Dependencies

0 vidib

Compare results.wi

Logging Slopewvi
hvanlys.dll
wStorage.dll
Peak-Valley-Noisewvi

Reset Display.wi
State Control.ctl

Update cursors.vi

% Build Specifications

Calculate Blood Pressure.wvi

Find Bleod Pressure_ms.ai
Heart Rate Parameters.ctl
Initialize BPMeaurement.vi

Procesz Heartbeat Waweform.vi
Remove outliars before calculationsfvi

Send Debug Info to DETT.vi

—

{3 VI Hierarchy
Eile Edit Yiew Tools Window Help

P =S|

)
-
Software Validation Demo hiproj =

Q 1

=
My Computer

pon mImE ImE IS EE - . . . . . e . . .

Update cursors.vi

o Pressure_ms.vi

Calculate Blopd Pressurevi

:
| N

Remove autliars before calculations.vi

Process Heartbeat Waveform.vi

;

— g —

Legging Slope.vi

®

File Dialog

Peak-Valley-Noise.vi

*NLAALBase vlib
e iy
dsbu
— Send Debug Info to DETT.vi

NI_AALBase.lvlib:Mean.vi

Convert from Dynamic Data

m

Read From Measuremen
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Moving an Application into the Project Explorer

DEMO
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Project Explorer Recommendations

» Use virtual folders by default
» Use virtual folders to contain any .Ivlib-like object

» Use auto-populating folders for components that you
want to automatically bring into the project.
(examples: log-files, pictures, plugins, test results)

Check the dependencies section often
Move project items from within the Files tab
Break-up large applications into multiple projects
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Software Configuration Management Tools

Requirements Application » Development » Validation » Deployment

Gathering Architecture

Source Code Control >

v" Provides repository of code

v' Store multiple versions and branches
v Easily track changes

v Manage a team of developers

v" Reduces pain throughout process
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Tracking Changes to Source Code

* A change to the code causes a problem that isn't detected for

several revisions

* How can you track changes over time to identify when the

behavior changed?

What changed?

&

bug detected \

% 3

D¢ v S r S >

\ bug introduced
Change corrected

x Code Revision
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Group Development

» Two developers, Joe and Jack, are working together
» Jack copies (a.k.a. ‘branches’) Joe's code
» Joe and Jack are making changes to the same application

* How do they track changes to shared dependencies and
expedite the process of merging their work?

Joe’s Code

% % ® z S & >
@ Merger \" / / /
% % 0 S )

x Code Revision

Jack’s Code
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Requirements

Gathering

Application
Architecture

bugging &

Testing

Deployment

Software Configuration Management

)

®  Merger Developer 1
¥ Code Revision x *
—  Locked for edit m C ’
Checked Out Checked In Get Latest Version
—N \\7
Code -
Repository \ \ / \\
Checked Out Checked In Checked Out Checked In
Developer 2
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Graphical Differencing

£ £ Main.vi Block Diagram on Software V... E]@W
File Edit Wiew Project Operate Tools Window Help rrrer] ||| File  Edit  Wiew Project Operate  Tools  Window uelllm
S[®] ©1][@] [ halPlor 49 AELDREEERE .

) s

[ False ]

[ False v}
——

Software Yalidation Dema, lvproi/My Computer [ | - [[Software Yalidation Demo. lvpraifily Computer | £ | . }" :
£,
31 Differences 12 Digkails
Block, Diagram objects ~| objects added/deleted A [ Undate ]
Block, Diagram objects - wiring chal}/ \
Block Diagram objects — diagram = . .
¢ Bkt e il oProvides a checklist of changes

Block, Diagram objects SubT: mo)

Sk T'Ef]‘ff[ff < ten eUseful for peer reviews
— w’m\-AvaiIabIe via command-line

/
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SCC Options for Integration within LabVIEW

Native LabVIEW Integration
 Perforce

Integratlon Through Standard API

Microsoft Visual SourceSafe
«  Microsoft Team System
 Rational ClearCase
« PCVS (Serena) Version Manager
«  MKS Source Integrity
«  Seapine Surround SCM
 Borland StarTeam
 Telelogic Synergy

ionForge Evolution

Support through additional add-ons
«  Subversion
« Mecurial

— @ Display

e 2., Add Digit to Dis Open
o), Display Overflo Explore. ..
g, Overflow Prote|  opoin File
o), Remove Digit Fi

Lo jmd Initialize d.vi Print....

_f‘/) Documentation RUN
d&] Unit Requireme
; d!ﬂj System Specific  Find

. gz readme.txt

+ @ Pictures

3. @ SubVIs

' céﬂ Button RefNum = CheckIn...
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Popularity of SCC Options Amongst LabVIEW Programmers

60

50

40

30

20

Perforce  Subversion ClearCase Git VSS Mecurial none

Source: 2010 ni.com/largeapps survey



Configuration Management

DEMO
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NI Configuration Management

 Different trunk for each

LabVIEW version

« Teamsof3to7
developers work In
smaller repositories

* Individuals may have
their own repositories

* New features and
changes are regularly
merged in

Development Trunk
Feature-Team

Repository

Feature-Team

Reposito
P Y Feature-Team

8 Repository
’ o
Individual’s Local 8 8

Repositories 8 8
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Separate Compiled Code From Source File
Improved Source Code Control Integration

.vi file format Vi file format*
4 \
(( N\ 4 \\ 4 N\ 4 N\
Front Panel .BIOCk Front Panel !BIOCk
Diagram Diagram
& 4 4 & V2R 4
N\ 4
Connector Connector
Icon Icon
Pane Pane
(& L J \\§ L J
. y,
.
Compiled Inplaceness
Code Info S——___ Aseparate object file is created to
\\§ y w J . . .
store and retain this information

Eliminate the need to re-save and re-submit files to source code control unless

the graphical source code has been changed by the developer

*this feature is not on by default and needs to be enabled from the VI Properties dialog
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Source Code Control Scenario: Today

In SCC

®i

SubVI1.vi

SubVI2.vi

Local Machine

-

*

Edit
Save
Check-in



Source Code Control Scenario: 2010

In SCC

TopLevel.vi

AY4

J \_

Sub VI1.vi

Y4

SubVI2.vi

Local Machine

-

SubVI1.vi

\_

cache

TopLevel
viobj

SubVI1

viobj

fﬁocalAﬂobf§\

SubVI2
viobj

(==

\\\_4

Edit
Run/Save
Check-in



The Project Library ——

File Edit Wiew Project Operate Tools  Window

* Provide name-spacing to tems | Fies
avoid cross-links =3
+ Organize sections of an J - R
application into components B ek o
- |m™ Display Ovwerflow Prokection. v
* MOd ify Contents WithOUt Eg IRHEI:'?EI::ZI;:git From Display i

modifying the Project file

» Pack them into a single, non-
editable file
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Project Libraries (.Ivlib)

L Display Library.lvlib on Basi..
File Edit

Yiew Projeck

ioperate  Tools

=}

Windion

Therms | Files |

| =+ & Display Library.lvlib

Xcontrols (.xctl)

Classes (.Ivclass)

{3 Dependant Ring Controlsxctl GHM: 19 Ceneric Plugin.lvclass <LOCKEC>
File Edt View Project Operate I | File Edit View Project Operate
Itermns | Files | Items Elec

= E; Dependant Ring Controls.xctl =@ Generic Plugin.lvdass
5 R 8" i Puginct
! - [ Dwnamic Methods
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Packed Project Libraries
Distribute and Deploy LabVIEW Libraries as a Single File

Development Environment Deployed System
I 4 I
v VI vi } Callers
} Project Library e / / / Packed Project Library\
> VI vi VI vi } Public API
+ PublicAPI 1. Conpe
{ code o
} Private Vls
/ \_ /

e Decrease build times
e Deploy the VI hierarchy with a single file

e Simplified code deployment
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VI Package Manager

\4] Manager 2010

jki.net/vipm

Unregistered Community Edition

2010 (build 1268)  Jul 25 2C10

CLopyrigh:a

ocllk_vdata
oclib_dle

[ oclb_dictiorary

VI Paczqe Netwerk
VI Macezge Netwerk
¥1PacEqe Netwerk
VI Pacsage Metwerk
¥I Pacczge Network
VI Pacezge Metwerk
¥I Pacczge Network

VI Pacezge Metwerk

i
§8 oclib_becokean
4

Feady ...

Build and manage packages of LabVIEW code
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Install and Manage VI Packages

o

Snewsroreir @
1+ I C{ Sealchi Sy Custumizt'i |

¥l 37

EMTFifk
HAHDLEF;

Specific Error...  Repeating Er... Central Error ...

Las=ificg

Plotifica b

L

Classification

MI

Motification

Structured Error Handler

\
\
N e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e e e e o =
P g I EI mI EI mI EE EE ED ED S ED EED EED S D EE SE SE SE EE EE EE EE EE SE SE SR SE SE SE EE SE SE SE S SE SE SE SE En s s e
/ E
. G N <
[ 1 I G{ S:alchi R Custumizt'i
|
: =
Ukiiey
| Loy st
: GXML Gener... GXML Parse Utility V=
: =
, GXML Library = =
! Write File Read File Exammiplez
\
\
~

o o mm mm mm Em Em o o o Em o Em M Em M M M M M e M M M M M M M M M e Em Em Em e

— o o o o
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Introduction to the VI Package Manager

DEMO
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Easily Upgrade and Downgrade Versions

{8 oarsc_msi_builder 1.0.0alphaz-1 VIF
;m ogrsc_dynamicpalette 0,19-1 VIF
ﬂ ogrsc_compare_vi_to_disk 1,1-1 VIF
E ogrsc_builder 3.0.0.9-1 VIF
09mMnY  Install Other Version 3 2.5-1
{3 0oL install.. 2.41 VIF
i3 ogb_ .. i F
:m oglib_ Download Other Version ViF
13 odlib_: VIF
oglib Install Missing Dependendies VIF
ﬂ giuo_| [ ii: i 0 [ 5.0-1
ﬂ oglib_j Remove From Library... VIF
3 odlb_!  send to Configuration VIF
i3 oglib_s VIF
{8 oglb_y GetInfo VIF
ﬂ oglib_| Get Imfo Other Version b VIF
ﬂ oglib_Ivdata 2.9-1 VT
F okl N Bl 4 A 4
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Create VI Configuration Files

A single file that contains multiple packages.
Easily share and distribute code that depends upon multiple libraries.

9

Structured Error Handler

UGG

GXML Library AMC Library G Library

.
|

Structured Error
Handler Config
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Create a Configuration File by Scanning a Project

DEMO
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System Level View
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| 46 Differences

¢ Block Diagram objects
# Block Diagram objects
¢ Block Diagram objects
/ Block Diagram objects
EBlock Diagram obijects

2 Details

~ v objects added/delet
wiring changej

Integrate with SCC

|, Add Digit to Dis
1 Display Overflo
| Overflow Prote
d  Remove Digit Fi
i J  Initialize d.vi
%[ Documentation
d@] Unit Requireme
. ) System Specific
\ -g=) readme.txt

Open

Explore..,
Show in File

Prink...
Run

Find

/

Software Configuration Management for LabVIEW

|V___-.|I
—
i
i

.
A

e b
i =

—
L1

Merge Graphical Code

/‘.(o;ﬂ Explorer - Paneks Layout lvpi

o l=1 [

0

(rﬁ Cdt yww Eyojct Qperste [oos  Window  Heip

- T
\

R~ a

=) Pewmbs Layour
+4_) Buttonimages
L) Contert
L) 30 veasskzation
#) block Cemgram Clramgp
=4 MathScript Jmpr overments
w0 Subiv] Dats

dowve O ¥ Faabures

o MathSoript Improvennents. »i
[ v,

>

L3 Quick Drop
3 StV Data
M Qack Orop
3 RT Scan Mode
: ‘Aab S
—4J Controks
\ J‘_, Packground lrages ot
N Ja Delay Subivl Actions. ctl
——

Manage Files and Links

VI Package Manager

%

/\ Name

ﬂ OpenG Toolkit

{3 ogrsc_rename_folder_of_vis
ﬂ ogrsc_package_builder

{3 oorsc_msi_buider

{: ogrsc_dynamicpalette

{3 ogrsc_compare_vi_to_disk

Q® =

File Edit View Package Tools Window Help

ogrsc_builder

N1

Version
1.0.0.5

1.6-1

0. 1.0alphas-1
1.0.0alpha2-1
0.19-1

1.1-1

3.0.0.9-1 /

Manage Reuse Libraries




Section Two
Software Development Best Practices
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Software Development Risk Continues to Rise

Software Errors Cost U.S. Economy $59.5 Billion

Annually

NIST Assesses Technical Needs of Industry to Improve
Software-Testing
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Ensuring Software Quality and Reliability

Goals

| eed to Prove:
1. Deliver a working product YouN

2. Prove it works right |
3. Mitigate risk of failure v Satl
4. Avoid last-minute changes

jons
<fies customer expectall

' ts
v/ Meets safety requiremen

Why?

. _+ionis reliable
More complex software v/ The application 13

1
2. Mission-critical applications i
3. Team size is growing / Errors are handled gracetuty
4. Increased scrutiny

5

Decreased time R
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Certifying an Application

—

Unit

Code

HDL

Requirements

Graphical

Software
Requirements

Me——

<

Unit Test
Requirements

%

AN

C

Unit Test

Have the software requirements been implemented?
We did what we were supposed to.

Have the test cases been implemented?
We tested what we were supposed to.

Has the code passed the functional tests?
The implementation is correct.

Have the tests exercised the required percentage of
code? Code has been sufficiently covered in testing.

Has the code passed static analysis standards?
The implementation is standard.



More Overhead - Less Time
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Mitigating Risk Through Hardware

Traditional System Crash Possible
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Mitigating Risk Through Hardware

LabVIEW FPGA System Highest Reliability

aJemp.eH
uoljejnajedn
1dV JoALIQ
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The Software Engineering Process

Requirements Application Testing and

Gathering Architecture Validation

( N\

NI Requirements LabVIEW Dataflow LabVIEW Unit Application
Gateway Statechart Test Framework Builder
MathScript
Object LabVIEW Real Time
Orientation Statechart VI Analyzer
FPGA
NI TestStand Simulation LabVIEW Desktop
Execution Trace Embedded

A J

User Interface
Testing

Prove it works.

Improve quality. Reduce risk. Save time.
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The Software Engineering Process

Testing and
Validation

Requirements Application

Architecture

Gathering

NI Requirements LabVIEW Dataflow LabVIEW Unit Application
Gateway Statechart Test Framework Builder
MathScript
Object LabVIEW Real Time
Orientation Statechart VI Analyzer
FPGA
NI TestStand Simulation LabVIEW Desktop
Execution Trace Embedded

Prove it works.

Improve quality. Reduce risk. Save time.

User Interface
Testing

NATIONAL
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Requirements Traceability Solution from NI

E Ix:' ﬁ}h

L B
el

Dedicated Interfaces

Requirements l T Traceability

NI Requirements Gateway

Capture T l Navigation

X}
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Requirements
Gathering

Application
Architecture

B Tank Specification  Word

Development

{3 Tank Display LabVIEW

= Z] 1 Example Tank Control Specification

= 5] 1.1 Algorithms
#J REQ_ControlLevel

‘ﬂ REQ_ControlTemperature

# ) REQ_MonitorTankLevel
=[] 1.2 GUI Components
= 5] 1.21 Indicators

= &l LabVIEW Examplellb
=, Average.vi
=, Boolean Change Statevi
= Levelvi
B = Tank Simulation.vi
B jl Front Panel

»De

bugging &
Testing

Deployment

[#) Low Temp Limit (deg F)

=) REQ_DisplayTankLevel
%) REQ_DisplayTotalTime

#J REQ_DisplayValveControl
=] REQ_DisplayHeatindicatar
#J REQ_DisplayGraphinflow
=] REQ_DisplayGraphLevel

%) REQ_DisplayGraphTemperatur
= 5] 1.2.2 Controls

REQ_DisplayMinMaxLevels
=) REQ_DisplayMinMaxTemp
=) REQ_DisplayPower

)
i) Heat Indicator
[#) Tank Level History
i Inflow Rate History

[#) Power

i) Elapsed Tme (sec)
i) Current Level (f)
[#) value Control

= =] Diagram
[ while Loop
=, Temperature.vi

i) High Temp Limit (deg F)

i Tank Temperature History,

Requirements Coverage and
Project Tracking

Upstream Text Downstream
REQ_ContolLev | The applicaicn must maintain a separate control | Level vi
el glgorithm for contralling tank levels.
REQ_ContolTe |The applicaicn must maintain a separate contrcl | Temoerature vi
mperature glcorithm fer controlling terrparature.
REQ_DisplayGra [ The display must disalay a graph ndizeting e inflow | Inflow Rate
phinflow rate. History
REQ_DisplayGra | The cisplay must contains a graph indicating the tank | Tank Level
phLevel leve . Histary
REQ_DisplayGra | The cisplay must contains a graph indicating the tank | Tank
phTemperature | tzmperzture. Temnoeraturz

History

REQ_Display-ea | The display must show whether furnace is on or cff. Heat Indicator
findicator
REQ_DisplayMin | The display must allow thz cperator tc control the |Low Lewvel Limi
MaxLzve s minimur and maxinam levels fo- the tank. {lbm)
REQ_DisplayMin | The display must allow thz cperator tc control the |High Lewzl Limi
MaxLzve s minimur and maxinam levels fo- the tank. {lbm)
REQ CisplayMin | The display must allow ihz cperator tc control the |Low Temp Limi
MaxTemp minimur and maxinam levels fo-the tank tempetature. | (degF)

Traceability and Documentation

Generation
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Requirements Tracking

DEMO
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Documentation

» Labeled objects

* In-line comments

» Distinct Icon

* Description and Tip
* HTML Print-Out

 Requirements Coverage I

B

Context Help

Remowve Digit From Display.vi
cald

Decimal Count In Echeps Decirmal Count Out
Displa}rlnjmlﬁ Display Out

error in (no error) mﬂLeerr out

This VI handles the backspacing of a decimal number, The way it

works is as follows:

The display is multiplied by 10 raised to however many decimals it
has to make it a whole number (exz 12.34 102 = 1234).

Mext, we Mod 10 the display (e 1234 = 123).

Finally, we divide the display by the 10 raised to the number of
decimals it had minus one (e 123 /1041 = 12.3)

Authd Hu Properties

@I&I Category Documentation E|

VI description

projects programmatically, enter the following text in the command line window to run this VI:

<LabVIEW directory>'\labview.exe "<this VI>" -- "<project file 1».lvproj” "< project file 2= .lvproj”
. "<project file n> vproj”

This VI reads an unlimited number of parameters corresponding to project files to build, To build »

=

Help tag

|Er1ter decimal r'r1|:u:|E.|

W]

IEE}---J}' ....... S

If we are already in decmial mode (>0],
keep the decimal count.

[
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Application Complexity

Tools for Debugging and Testing

Debugging &

Testing

Advanced

Simple

Unit Test
Framework
Execution Trace Execution Trace

VI Analyzer
Toolkit

Low Risk

Application Criticality

High Risk
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Performing a LabVIEW Code Review

 Walk someone through your code

* Questions to consider:
= |s the code easy to maintain, and has it been documented?
= What happens if the code returns an error?
(... orif it receives an error?)
= |s too much functionality located in a single VI?
= Are there any race conditions?
= |s the memory usage within acceptable limits?

* Perform code reviews frequently

NATIONAL
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Establish or Adopt Development Guidelines

Front Panel Style

Fonts and Text Characteristics
Colors

Graphics and Custom Controls
Layout

Sizing and Positioning

Labels

Paths versus Strings
Enumerated Type Controls versus Ring Controls
Default Values and Ranges
Property Nodes

Key Navigation

Dialog Boxes

Style Checklist

\

VI Checklist
Front Panel Checklist
Block Diagram Checklist

Block Diagram Style

= Wiring Techniques

= Memory and Speed Optimization
= Sizing and Positioning

= Left-to-Right Layouts

= Block Diagram Comments

= Call Library Function Nodes and Code Interface

Nodes
= Type Definitions
= Sequence Structures

Icon and Connector Pane Style

= |cons
= Example of Intuitive Icons
= Connector Panes

NI Style Guideline: ni.com/largeapps




Preparing for a Code Review with VI Analyzer

v Analyzer Results Window E]

» Automate code analysis == e

Double-click a Failure occurrence ko highlight the Failure object in the VI, IF the Y1 changed

since you performed the analysis, the wrong object may be highlighted.

with 80+ configurable tests
= Performance 1
= Style

= Complexity

43 1 Analyzer Test Creator - Name and Describe Test [l
* Interactively inspect failures i e S
+ Generate custom reports o s
_ . P .
 Code complexity metrics
* Write your own tests with VI <o e (ot (i

Scripting

NATIONAL
INSTRUMENTS




VI Analyzer Code Complexity Metrics

Tests for Industry Standard Metric Calculations

Enurn

Boolean

4 1", Default

furmeric

nat Murneric 3

FDEL |

II3II

Mumeric 2

Edges=5 Nodes =3 Paths=1

Case 1

True

Case 2

False Case 3

Cyclomatic complexity: 5-3 +2 (1) =4

NATIONAL
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reating Custom Tests

| —

Select the checkbox next to a test or group to include it in the analysis. Configure a selected test with the options under
Selected Test's Configuration.

Select tests torun ~_ . =

R Block Diagram . _
Complexity Metrics = Pixel Tolerance
Documentation 10 =
= [¥] Frent Panel
‘ =] SubM [[] €heck controls on top/bottom of connector pane
Array Default Values
Cluster Sized to Fit Align Right Side Controls and Indicators on their
Control Alignment Right Edges El
User Interface
= General Align Bottom Controls and Indicators on their:
[ [T] File Propeffies

[ #2UbVT and TypeDief Locations: Bottorn Edges El

Test S peCIfI C % Eﬁ:::ioﬂ k Ignore\"lswith splitter bars

[] VISaved Wersion

N ! [] VI5ize S~
Con Igura Ion i [V] Iean and Connectar Pane -
. Maximum Reported Failures Test Ranking
Checks that the alignment of controlzs onthe  »~ 5 = Low El
Se Ings front panel roughly matches the alignment of &=
trol th ct E
contrels on € connector pEI"IE [ Ra;et'r'r”s Ta;t anfiguraﬁ ]
[ Apply Current Max Falto All ]
y A

52 [ Reset All Test Confjfjurations ]
< Back ][ Mext > ] [ Save... ] V Close ] [ Help: ]

Number of failures to Test Priority

report
NATIONAL
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Define Configuration Options

| 3 Check FP Coordinates Co
File

Edit View Project Operate Tools Window Help
17pt Application Font |v‘ | ;m'” '-T]:v”ﬂ -O‘ | i

If possible, fit your configuration page controls within the decoration
above. Delete the decoration and this text box when you are done.
Do not remove the hidden Test Ranking control.

Access values in test code using
Global variables

p to include it in the analysis. Configure a selected test with the options undé

Selected Test's Configuration

F
Pixel Telerance
H 0 3

" Check controls on top/bottom of cennecter pane

‘= Controls and Indicators on their
._dgES E

Align Bottem Controls and Indicators on their

|Bot'tom Edges lzu /
= ittt

VI Saved Version

V1 Size

Icon and Connector Pane -
Mazxi Reported Fail Test Ranking
Checks that the alignment of contrals on the = s EI Low El
front panel roughly matches the alignment of
trols on th ct b
controls on the connector pane ’ This Test Configuration ]

Apply Current Max Fails to All

E: l

<Back || Ned>

Reset All Test Configurations |

) {

NATIONAL
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VI Analyzer for Peer Reviews

DEMO
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Application Complexity

Tools for Debugging and Testing

Debugging &

Testing

Advanced

Simple

Unit Test

Framework
Desktop Real Time
Execution Trace | Execution Trace

VI Analyzer
Toolkit

Low Risk

Application Criticality

High Risk

NATIONAL
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Goals of Dynamic Code Analysis:

« What is consuming system memory?

« Am | capturing all the errors in my application?

« \What was the last event to occur before...?

« What was the call-chain that led us to...?

« What thread is it executing in?

« Am [ actually entering a specific event-case?
 What happened inside a structure?

 What order to these events occur in?

* |s a daemon process running in the background?
* Does the code behave different in an executable?

NATIONAL
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Trace Production Systems Remotely

[ ] ]
LabVIEW Desktop Execution Trace Toolkit
| Network
Vls and Debuggable Executables
. Y,
[ ] ] ]
LabVIEW Real-Time Execution Trace Toolkit
Network
Run-Time Execution Information Deployed Real-Time Appllcatlons)
.

NATIONAL
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Desktop Execution Trace Toolkit

Trace During Run-Time:
 Event Structures

* Memory Allocation

* Queues / Notifiers
 Reference Leaks

* Thread ID

« Unhandled Errors
 Dynamic / Static SubVIs
 Custom User Strings

NATIONAL
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Desktop Execution Trace Toolkit

—" Trace During Run-Time:
-#‘“:_ﬂ*;- = » Event Structures
=T = + Memory Allocation
e = * Queues / Notifiers
e Leaks

Strip Chark Subv.wi Memory Resize Handle: 0x25CA3CE; Old: 142; Mew: 115
Skrip Chark Sub, i Memory Allocate Handle: Ox25CA3CE; Size: 142
Skrip Chark Sub. i Memory Resize

Handle: 0x25CA3CE; Old: 142; New: 118

Generate Trace Events, vi Iser Defined

My Teskd
zenerakte Trace Events.vi Cbkain Queue My Teskd - OxB6200002 @ Created
aenerake Trace Events. vi Enquewe Element 7 My Teskd) - Ox60200002 Mo Wait

NATIONAL
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Dynamic Code Analysis with Desktop Execution Trace Toolkit

DEMO
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Remote Debugging of Executables

* Include block diagrams with an executable
» Remotely troubleshoot using LabVIEW debug tools

4 Debug Application or Shared Library

Machine name or IP address
102, 168,36.137

application or shared library

Conneckion status

Mo debuggable applications or runtime libraries Found [A]

NATIONAL
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Application Complexity

Tools for Debugging and Testing

Debugging &

Testing

Advanced

Simple

Unit Test

Framework
Desktop Real Time
Execution Trace || Execution Trace

VI Analyzer
Toolkit

Low Risk

Application Criticality

High Risk

NATIONAL
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Data Science Automation
Developed Long-term testing solution for artificial hearts

"The Unit Test Framework’s
flexibility and ease of use
certainly enabled much faster
and reliable completion of this
portion of the project
potentially saving hundreds
of hours and thousands of
dollars over the life of the
project.”

NATIONAL
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LabVIEW Unit Test Framework

) - a ( b
= Input Values @j{ Output > ‘;
+] == VI Under Test ==

Unit Test Expected Output Automated
Framework :
Report Generation
% A 4

Test vector = Input value(s) + Expected output(s)

NATIONAL
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LabVIEW Unit Test Framework

N — 2
= e = Input Values ‘i -
+] VI Under Test - -
" Windows Desktop ===
F:,a':nitetz:k Expected Output > Automated
Report Generation
J N J

[Test vector = Input value(s) + Expected output(s)}

NATIONAL
INSTRUMENTS




LabVIEW Unit Test Framework

Unit Test
Framework

Input Values

VI Under Test

Real Time

Expected Output

)

e 5

N~

/

A

Automated
Report Generation

)

[Test vector = Input value(s) + Expected output(s)}

NATIONAL
INSTRUMENTS




Unit Testing

DEMO
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Setup / Teardown VIs

Input Value
Values ) Comparison
SET Wt
B Test Properties : setup. 'viest |-_||E|
Category Test Cases
Configurakion
Setup/ Teardown Tesk Case ,-"'1 [ Tl ] [ Duplicate ] [ pdate ] [ Delete ]
Adwvanced
L Marne Data Twpe Input Yalue .
q = Setup VI
[ file path {use dalog) Path
> operation (0:ogen) Enum 16 0
\ - &[] errorin Cluster
1 Undz
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Code Coverage Example

Errn L4k
Ennlean .................. ‘.'-' "2""
Murmeric b I:{} I}i} 7 oric 3
Mureric £ k '

6 Diagrams. 3 Diagrams Executed. 50% Code Coverage

Enurm -:

Boolean | TF &

Murneric ]

S #OEL | Mumeric 3
MNurmeric 2 b 4

NATIONAL
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Code Coverage Example

15T Test Vector:
Block diagram, 2 Case diagrams executed. (2 + 1) /6 = 50% Code Coverage

Enurm

soaes ..1..J Defadlt et

Boolean

Murneric ¥

4 »onL | Mumeric 3

Mureric 2 ¥

2nd Test Vector (aggregates covered code from 15t pass)
Block diagram, 5 Case diagrams executed. (4 + 1) /6 = 83.33% Code Coverage

Enurm

Boolean

Mureric K

A4 »OBL | Mumeric 3

Mumeric 2 )

NATIONAL
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Programmatic Unit Testing

Context Help ]

* Programmatically _
] i Unit Test Framework
invoke testing and )

report generation
Lse the Unit Test Framework Vs to execute
tests programmatically.
The VWle nn thie naletts can return genera|
Unit Test Framzwork ®| prspecific Unit Test
ap Q%Sea'ch I o Wiew ™ | =2

2d help i

YW W G M |

Runfroem Pr.. Runfrom File Open Results.. Create Repor...

NATIONAL
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Integration with Requirements Gateway

Software Requirements

Unit Tests /

y
!

¥ Specification  Text

= =] 1 Functional Requirg
W \|_ADD_REQH - At
%) VI_SUB_REQ - S,
=]y WMUL_REQA - I
#JVI_DIV_REQ1 - Dj
=l £ 2 Error Checking
=] V|_DIV_REQ2 - Dk

Ef Test Definition  UTF

NI Requirements G4

F%) Divide by Zero.Ivtd)
Ft| Divide vtest

FE| Multiply vtest
Ff| SubtractIvtest

% Configu
File Edit

Project

Types
b
Hpat
e

Filters

ration EI
Help
— Project editor
'@ Basic Functions -
@Speciﬂcaﬁon El
-
[ﬂ implementation} [ Test Deﬁni‘hcrn] [':EI Test Result]
Pl [ I »
CEEE v || X
Details IZ.—i-::|:i.-:.'.-i'!-..-:. Documents | [
Name I Type of Analysis | File or Directory _Ilgnor... !Inter._. |Eloc._. | Variat »
(1{Spectication ¥ Text Specification b [~ [~ [~ -
(| mplementation 3 L sbviEW 5ProjDir ™ [~ [T |Bnahyze Dial—
[m est Definition UTF Test Definition (L$ProjDir [ r [T Withimages
4 T | 3
[ ok | [ Camcel || Apoy

Implementation

Ef Implementation  Lat
E g NI Requirements Ga

= g Dividevi
= #4lFront Panel
4l result
BB Multiply.yi
B Subtractvi

| Test Result UTF Re

B My Computer
= ] Folder 1
=] Divide by Zero.Ivte
: & Divide lvtest
| E Foider 2

B Er

5] Multiply lvtest

Subtract Mest
erd

Test Results
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[ companeLE wih

i LabvVIEW

LabVIEW User Interface Testing

= ELEMERT
=& BRO R

n Top

Master Control Suite. viT/ru

antrolcantrol="Numenc]

Uw Track ‘

OoR®s

= g Host 'GRHW10'
Button ‘Start’

== MenuBar 'explorer’

d LabVIEWControl ‘Path’
Boolean ‘Boolean’

{8 Form 'Master Control Suite.vi' General
o LabVIEWControl Horizantal Fill Slide’ Erabled
A LabVIEWControl Horizontal Point Slide’ Vaid
o LabVIEWControl Listhox'
f LabVIEWCantral Dial g | Vvstie
o LabVIEWCantrol Knob' i LabVIEWCent
ClassName
d LabVIEWCantrolSlide’ Cortrol

LabVIEWMNum)

Edit View Project Operste Tools

File Window Help

DD ww| A

B pLay

9 0B Bt T B8 )| TurboMode [10]xSpeed

w2 & @

Repeat Count

# Time.

TF

&

T
o LabVIEWControl ‘Waveform Graph'
5]

LabVIEWControl Waveform Chart'
Boolean ‘Button’
LabVIEWCaontrol ‘Gauge’

B Element None’ (invalid
[=)- == TitleBar 'Master Contral Suite.vi'
Button "Minimieren’
Button ‘Maximieren’
Button ‘SchlieBen’
B Element None’ (invalid
3 Form Labview

DisplayValue
Valuelmaginary
ValueReal
Value Type

Tracking OFF: Press Ctrl+LWin for instant tracking.

Action tem Name Comment

Waveform Chart
10-
ey
.
4
q®
g
£ oL
.
|
o]
0~
°
Tima
Gauge Listbox
Value2
Velue3
Button Shide Path
10~
i g
A
&
- Boolean
Numeric -
22
¥ 0 o -

ploto (Y

Waveform Graph
10-
8-
6
4
g 2-
3 o-

g

& g
e
Fe
e

10, |

o 1

= {3 FormMaster_Control_Suite_vi
12 LabVIEWNumericNumeric

w1 00:00.000 Mouse Click Left 50:6 LabVIEWNumerichumeric

w2  ot02517 Key Sequence {LShiftKey down}.

43 000470 Key Sequence {humPad1HNumP...

L4 0005651 Keyboard Press. Return

W5  00:05834 Validate AtfributeEqual LabWIEWNum. 18 LabVIEWNumericNumeric

%6 0013496  Mouse Click Len 3843 LabVEWConiroHorizontal .

< m »
> [ (=R~ (-9} K 22 [ ]| =% | € Embedded Recording Repository

ITtem Path

Base: [form{ @title=Master Control Suite.vi]
numeric| @labviewcontrolcontrol="Numeric]

& LabVIEWCo!

ntrolHorizontal_Point_Side

Point Slide]

Recording finished.
—

25

05"

Horizontal Fill Slide.

SYSTEMS

2 LabVIEW



Application Builder API

Automate build and deployment processes

Build.wi

Path to project

MName of build specification.., .

oosssssss (3enerated files

= jeooooooon @FOF QUL

Mame of target (My Computer) ""‘j’“m“ﬂ

error in (no error)

Deploy.vi

Fath to project

errar out

Mame of target (My Computer)
error in (no error)

Mame of build specification... MEM""‘"'E

Clean.vi

Path to project

Mame of build specification... ......E-m .

Mame of target (My Computer)
errar in (no error)

poccocoos. 2ol oUt

NATIONAL
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App Builder Log-File Generation

Document version, date and time of Vis included in build

r =
i3 Project Explorer - Benchmarks.lvproj *

o= =

Eile Edit Miew Project Operate

Tools

Window Help

S H |

X 9 o] nl ke | R

frems [ Files |

ig. Project: Benchmarks.lvproj
= E My Computer

SubVls

New Benchmarks

--&a‘--@

B user.lib
e vilib

Bar Chart XControl

Mew Benchmark Suitewvi
Dependencies

Build Specifications

% Benchrarks
'H Benchmark Installer

T

File Edit Format View Help
10/11/2009 9:48:06 PM
[General]

Target: My Computer
guild specification:
05: Windows NT 6.1

Project: C:\Users'ekerry.ameR\LabvIEw Development Directory‘\Benchmark utility‘\Benchmarks.lvproj ‘

Benchmark Framework

[Source Files]

C:Usershekerry. AMER\LabVIEw Development Directory‘\Benchmark uUtility‘\Bar chart XControl‘Bar Chart.xctl =
.0.0.0

9/4/2009 10:23:29 PM

C:\Program F11es\Nat10naT InstrumentshLabvIEwW 2009%vi.lib\_xctls\XControlsupport.lvlib 6/23/2009
1.0.0.0

B8:27:16 PM

C:\Program F11es\Nat1onaT Instruments\LabvIEW 2009%wi.lib\Utility\variantDataType'\VariantType. Ivlib
.0.0.0

6/24/2009 3:48:24 Am

c:\Usershekerry. AMER\LabVIEw Development Directory‘\Benchmark utility‘\Bar Chart XControl‘\Bar Chart

state.ctl 9/4/2009 10:23:29 PM

c:\Program Files‘\National Instruments)\LabVIEwW 2009'vi.lib\_xctls\Container State.ct]

g:27:16 PM
C:\Usershekerry. AMER\LabVIEW Development Directory'\Benchmark
9/4/2009 10:23:29 PM 1

utility'Bar Chart

C:Usershekerry. AMER'\LabVIEW Development Directory'\Benchmark utility'Bar Chart XControl‘Custom Font
write, vi 4/2009 10:23:29 PM

C:\Users'ekerry. AMER\LabVIEW Development Directory'\Benchmark utility‘\Bar Chart XControl‘\Font.vi 9/4/2009
10:23:29 pPM

c:\users'ekerry.
“Label style wri
c:\usershekerry.

“Label style Read 4.vi

c:\usershekerry.
“Column Spacing
C:\Users'ekerry.
“Column Spacing
C:\Users'ekerry.
wWrite 2.vi

C:'Users'ekerry.
rRead 2.vi

AMER\LabVvIEwW Development Directory\Benchmark
te 4.vi 9/4/2009 10:23:24 PM

AMER\LabVvIEwW Development Directory\Benchmark
9,/4/2009 10:23:24 PM 1
AMER\LabVvIEwW Development Directory\Benchmark
wWrite 3.wvi 9/4,/2009 10:23:25 PM
AMER\LabVIEW Development Directory‘\Benchmark
rRead 3.vi 9/4/2009 10:23:25 PM
AMER\LabVIEW Development Directory‘\Benchmark
9/4/2009 10:23:17 PM

AMERMLabvIEW DEVETopment pirectory'\Benchmark
9/4/2009 10:23:17 PM

utility\Bar
utility\Bar
utility\ear
utility\Bar
utility\gar

utility\gar

Chart
Chart
Chart
chart
chart

chart

6/23/2000

xControl\Colors. vi

xcontrol\Label style
xcontrol\Label style
xcontrol\Ccolumn spacing
xcontrol\Ccolumn Spacing
xControl\outline‘\outline

xcontrol‘\outline‘\outline

C:‘\Program Files‘National Instruments\LabVIEw 2009 \vi. Tib\_xctls\version. ctl 6/23/2009 B:27:16 PM
3

c:\Program Files‘\National Instruments'\LabVvIEwW 2009%wi.lib\_xctls\Version To Dotted String.vi
6/23/2009 8:31:24 PM

c:\Users'ekerry. AMER\LabVIEW Development Directory'\Benchmark utility‘Bar Chart XControl‘Bar Chart
Init.vi 9/4/2009 10:23:29 PM

C:\Program Files‘\National Instruments‘LabVvIEwW 2009%wi.Tlib\_xctls\Action.ctl
3

c:Program Files‘\National Instruments)\LabVIEwW 2009'vi.lib\picture\picture.1lb‘\Move Pen.vi A

6/23/2009 B:27:16 PM
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Section Three
Advanced Software Architectures and

Data Communication
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What is a Design Pattern?

Definition: A well-established solution to a common problem.

Why Should | Use One?

Save time and improve the longevity and readability of your code.

...orelse...
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Designing for SMORES

Criteria for a well designed software application:

Scalable: how simpleis N + 17?

Modular: is the application broken up into well-
defined components that stand on their own?

Reusable: is the code de-coupled from the current
application well-enough such that it could be
reused in a future project?

Extensible: how painful is it to add new
functionality?

Simple: what is the simplest solution that satisfies
all of the listed criteria and the requirements of
the application? NATIONAL
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You Should Already Be Familiar With..

+ Loops
+  Shift Registers
 (Case Structures ]

LabVIEW Object

+ Enumerated Constants
+ Event Structures

. LabVIEW Classes

N

u &1 £ K] &

=

[[0] Timeout «pw|——
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User Interface Considerations

Common Requirements ——
1. Highly-Responsive

2. Data appears to be
streaming

3. Multiple interfaces

Considerations
1. Polling is inefficient
2. The screen has finite pixels

NATIONAL
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User Interfaces Should Be Responsive

Best Practices f h
1. Use an event structure
2. Do as little as you can in the event

cases
3. Delegate actions to consumers : )
4. Defer panels updates for smooth v

updates , R
Considerations

1. How do you send commands?
2. How do you send data?

3. How fast do you really have to

update the front panel? NATIONAL
INSTRUMENTS
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Anatomy of a Producer Process

Stop

Action or Event Condition
Met?

Send

Information

Sends message to other process, program, or target

NATIONAL
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Anatomy of a Message Producer Process

Stop
Action or Event /& Condition
Met?

Command

Inter-Process

, Communication
Message comimsed 0

command and optional data

Sends message to other process, program, or target NATIONAL
INSTRUMENTS




Constructing a Message

Data

Variant allows data-type to
vary. Different messages \ olntialze -

may require different data

Examples

Command __Data

Command

Enumerated constants

list all of the options

Initialize Ul
Populate Menu
Resize Display
Load Subpanel
Insert Header
Stop

Cluster containing configuration data
Array of strings to display in menu
Array of integers [Width, Height]
Reference of VI to Load

String

NATIONAL
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Basic State Machine

DEMO

NATIONAL
INSTRUMENTS




Anatomy of a Consumer Process

 Getlocal A 7T Y N Update l
Data ’ Local Data
¥ |
Receive
Information

Condition
Met?

=

NATIONAL
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Anatomy of a Message Consumer Process

Queue

Reference

v

Case structure has a case for every command

After command is executed,
data cluster may be updated

Dequeue
Action & Data

\ CRST STATE

................. gresssas s Data cluster for all states

Command
Execution

Optional data for
specific command

Next steps could enqueue new action for
any other loop, including this one

NATIONAL
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Anatomy of a Message Consumer Process

Also known as ‘Command Pattern’
After command is executed,

Case structure has a case for every command data cluster may be updated

£ \ FIRST STATE ! !
................................................... gresssas s Data cluster for all states «-----+=+=v=vovvvevavaiannn SRARIRE S

Defines the scope of
operations this
consumer can State C() mma nd
handle Specific .
Data-ype Execution
Definition
Queue
Reference

v

Dequeue
Action & Data

Variant To Data

Next steps could enqueue new action for

: ; : NATIONAL
any other loop, including this one INSTRUMENTS




Message Consumer Considerations

Handling a new cdmmand requires
modification of the

FIRST STATE

G R R ARG KRR R GRS G KRR EE RS ERKE GRS S KRR K P W s 5 s ke s KK R R BB BB RK AR B EBRRCEEREB R AU ERR AR OSGRRE AR OERRR G PIAXRREEE D

mmmmmmmmmm

...................................

top-level code

e

' Consumer must know the data-type of
-

N E , variant and cast it correctly

oo
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Why Use Object-Orientation in LabVIEW?

» Encapsulate and protect data

Catch errors at compile time instead of run-time
Easily extend functionality

Eliminate large data clusters

Implement established design patterns

Map real-world problems to software

NATIONAL
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Understanding Object-Oriented Programming

Class: A collection of data and the methods

that interact with that data.

Object: A specific instance of a class

NATIONAL
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Examples of classes

I

Make First Name
Model Last Name
Year Date of Birth
Mileage Gender
Elneels Bk Get Full Name
Rotate Tires Get Age
Change Ol

NATIONAL
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Examples of objects

m

*1964 Ford Mustang eAdam Kemp
2004 Honda Accord «Steven Harrison

NATIONAL
INSTRUMENTS




What Is a LabVIEW Class?

Class: A collection of data and the 13 project Explorer - LabVIEW Class.... |- [0/E3
' . File Edit View Project Operate Tools  Window Hel
methods that interact with that data. T _‘IJ - T k| E‘:ﬁ;
Object: A specific instance of a class ttems | ies |

= & My Computer

Automobile, lvdass Autornobile. lvdass = i@ Automobile.lvdass
- [ Automobile.ct
e e e e e s l'-.'- -" @ Start Automabile. vi
L_ L. |@l Stop Automobile.vi
OET DET i, Mainyi
_'L;_" Dependencies

- [, Build Spedfications

A LabVIEW Class is...

o Aglorified cluster

* A user-defined data type
* Atype of Project Library

NATIONAL
INSTRUMENTS




What Is Inheritance?

Car Class
(Child)

|

A car is a type of vehicle.

Vehicle Class
(Parent)

Example methods:
* |nitialize
* Get Cargo Capacity

|

Truck Class
(Child)

A truck is a type of vehicle.

NATIONAL
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Inheritance Exam

L Vehicle Class

\ple

Ancestors

Descendents

\ \

{ Chevy Model

g

U Car Class } U Truck Class J v

(2007 Model } [ {2008 Model }

\ \

NATIONAL
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Understanding Dynamic Dispatch

Vehiclel vi
M
- Build
- Arra Array of Cargo
Truckl v s ¥ GEt ':Ergilf__.'-lt'lnrit}r,'-.ri ':ElFIECitiEE-
E::[E '—- 10 [ ¥DEBL]
G
) @ \J
Vehicle.lvclass Truck.lvclass Car.lvclass
Get Cargo Capacity.vi Get Cargo Capacity.vi Get Cargo Capacity.vi

NATIONAL
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State Machine vs. Command Pattern

These diagrams represent functionally equivalent code

S Populzte Meru” T "Tnitia ize"
! "Termrminale”
] 4 "Pooulate Menu”

U Brpulate "Displ:_',r‘u"Iir|_5u|:.rP.:|||v.-_'|"

Main Menuad "Stop Plugin SubW"
"Show Menu”
"Toggle mani"
"enu Iterm Selzcted”

w o U Bhdter Data Delindion

' """" PO RGNSl RO el Py L e O LATL UL, W
Plugin Display ULlvclass:Executena
Metify Plugins of Menu Up.lhclass:Executeni

; Motify Plugins of Menu Down.heclass:Executewvi Erro
e Motify Plugin Slide Completed.hvclass:Executenvi
4 3

I [ Open ] ’ Cancel ] [ Help ]




Traditional PC-QSM Approach

DEMO

NATIONAL
INSTRUMENTS




00-Based State Machine Design

Also known as ‘Command Pattern’ or ‘Chain of Command Pattern’

Ul Command

sendCommand()
execute()

N

[ [ N A

Initialize LoadPanel SlidePanel Populate Menu

execute() execute() execute() execute()
displayPlugin move displayPlugin

+ WriteUIParameters playPlugin{) { playPlugin{)

+ ReadUIParameters + WriteVIReference + WriteButtonNames
+ ReadVIReference + ReadButtonNames

Uses Dynamic Dispatching to determine (at run-time) which version of
the execute method gets run

NATIONAL
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Command Class Hierarchy
Objects represent the commands to be executed

il

]

U Initialize.lvclass —

=T

Write UI UI Command Manager.lvclass
Cﬂnfiguratiﬂ-n UI Load SubPanel Display.hvclass

Information.vi
i Slide Panel On Screen.hvclass
i

Slide Panel Off Screen.hvclass

Command __[Data 5

oMo g . . . . UI Populate Menu.hvclass
Initialize Ul Cluster containing configuration data -

-

Ul Command Manager Stop.hvclass

Set Header Text.hvclass

A
“i

[
il

Populate Menu  Array of strings to display in menu

Resize Display  Array of integers [Width, Height]
Load Subpanel Reference of VI to Load Ullnitialize Ivclass
Insert Header ~ String

Resize Menu.lvclass
Stop - | Co |
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Dynamic Dispatching Commands

. =+ @ Ul Command Manager.lvclass
: - @™ Ul Command Manager.ctl

' |!§, Send Command.vi B »> UI Shifter Data Defir

. Biccute Commandai

- W Initialize Command.lvclass Execute
. & W Load SubPanel Command.hvclass #ﬁ"ma"d”i
- W Menu Toggle Command.hvclass
- W FPopulate Menu Command.hvclass Error Handler.v
. [+~ M Resize Menu Command.lvclass EE“ =
- W Set Header Text Command.lvelass T
. [+ W@ Slide Panel Off Screen Command.| [i
- W Slide Panel On Screen Command.|
- W Stop Command.hvclass
= . Un-Load SubPanel Command. el
-] Ul Control Definitions
. LT Tmanes=
NATIONAL
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Dynamic Dispatching Commands

-1 UserInterface

' - 4 Ul Command Manager

E+ . UI Coemmand Manager.hvclass
' 'ﬁ" WI Command Manager.ctl

> = UI Shifter Data Defir
Send Command.vi E

@ B
E+ . Initialize Command.lvclass
i 8" Initialize Command.ctl
v Bxecute Command.vi
@, Read UL Configuration Informati
_ @, Write UT Configuration Informat
EI ' Load SubPanel Command.lvclass
.| b 8" Load SubPanel Command.ctl
- . Bxecute Command.vi
;- @, Read VI reference.vi
&, Write VI reference.vi
: - |, Display Plugin Ulin SubPanel.vi
'T_l @ Menu Toggle Command.lvclass
| + @ Populate Menu Command.lvclas:

Execute
Command.vi

Error Handler.w

Dequeue Element

[

H- i Resize Menu Command.lvclass |ﬁ§|l‘-|!'[?jwlili~ns




Creating and Sending a New Command

DEMO
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The Basics of an Object Factory

Generic Plugin.lvclass Generic Plugin.hvclass

Jeneric

To Mare
Specific Class
:5,
( error in (no error) -l L}. :|Errnr out
Get LV Class
Default Valuewi

________________________ \
I’ Objects Loaded Into Memory I
|

|
I Generic Plugin I
: & Parent :
! l
Location on Disk I & Children 1
Where Plugins are Stored : I
|
\ /
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-

Self Contained Application Framework

Event-Driven Loop

\. S

User Interface State Machine Plug-in State Machine

]

Indefinite dynamically loaded plug-ins
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Factory Design Pattern Example

Generic Plugin
Data
-Ul Reference
-Plugin Name
Dynamic
Configure Plugin()
Run()
, , Stop()
Plugins are required to
. , . Static
override conflguratlon Register Events()
Read Events()
- - ~ ~ N
Plugin A Plugin B Plugin C Plugin D
Configure Plugin() Configure Plugin() Configure Plugin() Configure Plugin()
Stop() Run() Run()
Stop()
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Creating a Plugin

DEMO
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Plugins Need To Receive Commands

~

Self Contained Application Framework
Event-Driven Loop

\

i We need to be able to send
individual plugins a command
“You're Being Displayed”
J
L . / \. J )

Indefinite dynamically loaded plug-ins INSTRUMENTS




Plugins Need To Receive Commands

Self Contained Application Framework

~

Event-Driven Loop

~

( We may also want to

broadcast messages
‘Everyone STOP!”
J

User Interface State Machine

I

Indefinite dynamically loaded plug-ins INSTRUMENTS




Registering Events with Plug-in Objects

Unique events are registered for messages that will be sent to specific plug-ins
The same event can be registered with multiple plugins in order to broadcast a message

e b | b e b | b e b | b
S f & § s & s
Q\%Q\Q\Q Q\%Q\Q\Q Q\o"é\q\Q
$
o
$
S
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Using User Events

A\

LabVIE W API for Managing User Events I
I

Create User Generate Destroy I

Shutdown Event User Event User Event |
....................................................................................................... :

= I

|

Reglster User Events with Listeners

1
[[0] <Shutdowr

ﬁ % Reg Events ﬁ

| — User Event -

Lser Event

User Event -

User Event - I Time
User Event -

~ o - A=
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Sending Messages to Plugins Using Dynamic Events

DEMO
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Abstract the Hardware in Software

Mitigate Obsolescence with a Hardware Abstraction Layer (HAL)

File Edit View Project Operate Tools Window Help E
[2[®] & [n]

Select XML Config File

23 Main Test Appi — ) e ‘

Filter Limit Test Results

A plugin architecture makes it
possible to interchange hardware
without modifying code

Traditional Benchtop Modular PXI Simulated (software only)
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Hardware Abstraction Layers

DEMO
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INSTRUMENTS




Launching an actor

Obtain
Queue

Caller's Receive Queue

Actor’'s Receive Queue
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Actor.lvclass:Actor Core.vi

Responding to Message may
update Actor object.

Actor object
initial state

Queue e
Reference

v

Dequeue

Message Instance of

Message class

MAY enqueue an asynch reply to the caller
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Actor Core.vi — Descendant Override

Inside Call Parent Node

Obtain
Queue

Or “Create User Event”,
or your favorite...

Local queued state machine, User Event loop, or

whatever you use for local behaviors.
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Actor Framework

DEMO
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Section Four
Data Communication Best Practices
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Data Communication Options in LabVIEW

1. TCP and UDP 12. Local Variables

2. Network Streams 13. Programmatic Front Panel
3. Shared Variables Interface

4  DMAS 14. Target-scoped FIFOs

5. Web Services 15. Notifier

6. Peer-to-Peer Streaming 16. Simple TCP/IP Messaging
7. Queues (STM)

8. Dynamic Events 17. AMC

9. Functional Global Variables 18. HTTP

10. RT FIFOs 19. FTP |
11. Datasocket 20. Global variables

... Justto name a few ...
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Communication Spans Processes and Targets
Windows Real-Time FPGA

...................................................

.....

0. <
o

4 £
o .
: .
. H

g .
= .
.
.
.
.
.
v
P .
% g
s Q
. g
. Q
‘e 0
. .
....................................................
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The Pitfalls of Variables

DEMO
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Common Pitfalls of Data Communication

Race conditions- two requests made to the same shared resource

Deadlock- two or more depended processes are waiting for each
other to release the same resource

Data loss- gaps or discontinuities when transferring data

Performance degradation- poor processing speed due to
dependencies on shared resources

Buffer overflows- writing to a buffer faster than it is read from the
buffer

Stale data- reading the same data point more than once
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INSTRUMENTS




The Dining Philosophers

NATIONAL
INSTRUMENTS




Message/Command

» Commander (Host) and Worker (Target) Systems
Must be lossless™ (can be buffered)

Minimal latency

Typically processed one at a time

Reads are destructive

Example: stop button, alarm, error

*some commands may need to pre-empt other commands based on priority
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Update/Monitor

 Periodic transfer of latest value

» Often used for HMIs or GUIs u u

* N Targets: 1 Host 1

+ Can be lossy — N

» Non-buffered ,E
e —

Example: monitoring current engine temperature
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Stream/Buffer

» Continuous transfer, but not deterministic
* High throughput

* No data loss, buffered

» 1 Target: 1 Host; Unidirectional

_ >

Example: High speed acquisition on target, sent to
host PC for data logging
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Variable/Tag
« Set Points and PID Constants

* Initial configuration data 1 I

. . N
» Can be updated during run-time E\
* Only latest value is of interest v 4

1 Host: N Targets

Example: reading/writing the set-point of a thermostat,
Ini configuration files
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Choosing Transfer Types

- Update L Variable (Tag)
« Exec Action * Heartbeat » Waveform * Setpoint
e Error » Movie * Image
Fundamental « Buffering * Nonhistorical « Buffering * Nonhistorical
Features * Blocking * Blocking * Blocking

(Timeout) (Timeout) (Timeout)
» Single-Read

Optional * Ack * Broadcast  Multi-layer  Dynamic Lookup
Features Buffering  Group Mgmt
e Latching

Performance o Low-Latency o Low-Latency * High- o Low-Latency
Throughput * High-Count
Configuration N Targets: 1 Host <N Targets:1 1 Target:1 Host <N Targets: 1 Host
Host e Unidirectional
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Inter-process Communication Options

Shared Variables s [ T —
Update GUI loop with latest value =

Queues
Stream continuous data between loops Obtain Queue  Engueue Element  Release Queue
on a non-deterministic target s .

Dynamic Events
Register Dynamic Events to execute
sections of code

Functional Global Variables (FGV) > Write ~

Use a non-reentrant subVI to protect Mumeric ]

critical data N

RT FIFOs RT FIFO Create RT FIFO Read RT FIFO Delete

Stream continuous data between time e . T X

critical loops on a single RT target BT BT BT
NATIONAL
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Producer Consumer

Best Practices
1. One consumer per queue

2. Keep at least one reference to a
named queue available at any time

3. Consumers can be their own
producers

4. Do not use variables

Considerations
1. How do you stop all loops?
2. What data should the queue send?
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LabVIEW FIFOs

* Queues

RT FIFOs
Network Streams
DMAs

User Events

In general, FIFOs are good if you need lossless communication
that preserves historical information
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Queues

Adding Elements to the Queue

Queue Operations |:|
IMHH1QuEUE" 4 | &, search | 2 view= | =H
Ik =00
Cbkain Quewe  Engueus Ele, .
=.. ?
S ] -0 I+
elect the data type the queue will hold Previon Que... et Oueus St...
- : 3 =
Reference to existing queue in memory I -
/ . Release Queus  Engueue Ele.,.
Dequeueing Elements = =
II"-.-'13ir1 Queue it P
Message Display Dequeus Ele...  Flush Queue

babc |

[

Dequeue will wait for data or time-out (defaults to -1)
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Choosing Transfer Types for Inter-process

e Queue » SE Queue e Queue * Local/Global
e Shared * Notifier e Shared Variable
Variable » Shared Variable e SE Queue
(Blocking, Variable (Blocking,  FGV
Buffered) (Blocking) Buffered)  Shared
Variable
 DVR
e Same as e Same as e Same as e Same as
Windows Windows Windows Windows
* RT FIFO  SERTFIFO * RT FIFO
* FIFO (2009) o SE FIFO * FIFO * Local/Global
(2009) Variable
o FGV
NATIONAL
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RT FIFOs vs. Queues

* Queues can handle string, variant, and other variable size
data types, while RT FIFOs can not

* RT FIFOs are pre-determined in size, queues can grow as
elements are added to them

* Queues use blocking calls when reading/writing to a shared
resource, RT FIFOs do not

» RT FIFOs do not handle errors, but can produce and
propagate them

Key Takeaway:
RT FIFOs are more deterministic for the above reasons
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What is Determinism?

Hard vs. Soft Real-Time Applications
Average Time
Hard Real-Time
~ Worst-Case Time
Average Time
Soft Real-Time
Worst-Case Time

Determinism: An application (or critical piece of an
application) that runs on a hard real-time operating
system is referred to as deterministic if its timing can
be guaranteed within a certain margin of error.

Deadline
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LabVIEW Real-Time Hardware Targets

>

LabVIEW Real-Time

l I ! —

CompactRIO PXI Desktop or Industrial PC Vision Systems Single-Board RIO
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RT FIFOs

Write Data to the RT FIFO
Main EIFO element
BT FIFD Create 4 RT FIFQO Write
] jﬂ* B

\m mT

Select the data type the RT FIFO will hold

/ Reference to existing RT FIFO in memory

Read Data from the RT FIFO
Main FIFO
BT FIFO Create  RT FIFQ Read
0 %'} =0}  element out
ET ET k

RT FIFQ lﬂl
14 I ':% Search I 'f\k:, Customize~ |
T I+ 1
Y
ET BT
RT FIFO Create RT FIFO Read
Bing _’Fu_‘lj}}
BT BT
BT FIFQ Write RT FIFQ Delete

\ Read/Write wait for data or time-out (defaults to 0)
Write can overwrite data on a timeout condition
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Common Network Transfer Policies

“Latest Value” or “Network Publishing”

Making the current value of a data item available on the
network to one or many clients

Examples
— 1/0 variables publishing to an HMI for monitoring
— Logging temperature values on a remote PC

Values persist until over written by a new value

Lossy — client only cares about the latest value




Latest Value Communication

Ease of Supported 3rd party
“ APIs?

Shared e Measurement
* LabVIEW Feature 1:1, 1:N, N:1 Studio
Variable iy

*Network buffering should be disabled



Using Shared Variables Effectively

Programming Best Practices:

* Initialize shared variables

» Serialize shared variable execution

» Avoid reading stale shared variable data

nsure that the initialized vahes
ave propogated through the
etvwsork. o the Shared Variable
nigine on the host computer, op when afl the shared
i - hen back o the Shared Yariable [Check elapsed time to determine variables return the correct
mﬂiﬁ"ﬂ o ngine on the BT target. wdhetheer initialization has timad out. initial wahues or upon kimeout,
Compound Arithrmetic
=]
b [ ———" [ Elapsed Timer N
4 | .j’_“_ T 11} 1 |t ! = :
L e &
i ot Elap=ed Timer
% "E v reset mode  elapsed time (ms) »
b rEsEt
E_,‘:_ ®, 507,
initsalization Hrmeout (ms)
IIIIHIIE
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Common Network Transfer Policies

“Streaming”

Sending a lossless stream of information

Examples
— Offloading waveform data from cRIO to remote PC for intensive processing
— Sending waveform data over the network for remote storage

Values don’t persist (reads are destructive)
Lossless — client must receive all of the data
High-throughput required (latency not important)




Streaming Lossless Data

Ease of Supported 3rd party
“ APIs?

Network Streams LabVIEW
Feature

Not this year

What about the shared variable with buffering enabled?

NO!



Pitfalls of Streaming with Variables

* Lack of flow control can
result in data loss

e Data may be lost if the
TCP/IP connection is
dropped

e Data loss does not result
in an error, only a
warning

Machine 1

Server

. L Wa

W

Machine 2

Client Readers
| #g Variable 1]}

riable 1|*

N 56 7

Client

Nriters

\\Uu

4

(
:

v

4 5 67




Network Streams

Machine A o

Sisr I BT
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I EEul | i [ |
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I ES=N | i [ | |
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Network Streams in Action

Machine 1 Machine 2
/ Writer Endpoint \ / Reader Endpoint \
9/8 76 | > S S JZ
By >5/9 876 » ¥ >5/4 /543 DIE
< Flow Control (2)
\ D% = /

Use Streams!




Demonstration

Inter-target Communication Using Network Streams
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Common Network Transfer Policies

“Command” or “Message”
e Requesting an action from a worker

e Examples
— Requesting an autonomous vehicle to move to a given position
— Telling a process controller to begin its recipe

e Values don’t persist (reads are destructive)

e Lossless —client must receive every command

 Low latency —deliver the command as fast as possible




Network Command Mechanisms

Ease of Supported 3" Party
“ APIs?
1:1 No

Network
Streams

LabVIEW Feature




Network Streams

Writing Elements to the Stream

Create Network  Write Multiple
: Stream Writer Elements to Destroy Stream
writer Endpoint Stream Endpoint

I_e‘_e‘rer'n otereader/reader ZE . {f ax
: i
Select the data type the
Reference to reader URL queue will hold

Reading Elements from Stream
Create Metwork  Read Multiple
Stream Reader  Elements from  Destroy Stream
Endpoint Stream Endpoint

Ireau:ler ‘E E-:-. lit:? ax

“ \
Read will wait for data or
time-out (defaults to -1)

MNetwork Streams |_E_|

1 I CL Search I '?3;5 Customize™

== o ﬁﬁf
-::E !-
Create Writer Write (1 Elem)

i H

7% ‘g5
Write (M Elem]} Flush Stream

Ex =
Destroy Strea... Create Reader

e i

h B%

Read (1 Elem) Read (M Elem)

[=€]
B

Metwork Stre...
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Network Streams

 Lossless transfer, even in connection loss®

» Can be tuned for high-throughput (streaming)
or low-latency (messaging)

* Unidirectional, P2P, LabVIEW only
« Not deterministic

_ >

Acquire/Control Log Data/Process
it FIFO FIFO
mear -.. Readar
T - — = Network Streams Engine —_» Endpaint
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Demonstration

Introduction to Direct Memory Access
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LabVIEW Web Services

Sending Requests via URL:

& | http:fflocalhost/Calculator/Sumj3/6 v|[4][x

- —

Application Architecture:
4 N 4

LabVIEW <:> LabVIEW

Application Web Service
\_ J/ \_

Client

Physical Location of Server J ’
Name of Web Service
Mapping to a VI

Terminal Inputs (Optional)
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Web Services in LabVIEW

Web Server

-

Windows and Real-Time
Custom web clients

No runtime engine needed
Standard http protocol

Any Client

Thin Client

B,

Firewall friendly ‘
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Demonstration

Basic Web Services
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ni.com/uibuilder

= | B

/ V¥ NILabVIEW Web Ul Build... \_-1}-_

£= C M | O www.ni.com/uibuilder/ v A
NATIONAL =
INSTRUMENTS Caontact Ml | & United States

Hello WMike (This is not me)

Home | Developer Resaurces

NI LabVIEW Web Ul Builder Product Information
What Is LabVIEW Web Ul Builder?

m

LabVIEW Web LI Builder gives you the ability to develop lightweight, web-based thin client applications through graphical
programming. These applications serve as graphical user interfaces (GUIs) that enable users to remotely maonitor and contral
LabVIEW-based measurement and automation systems through a web browser.

Ty ow |

Microsoft Silverlight® is required; click here to install.

@
View Tank Simulator View Plastics Plant Control View Pipeline Monitor View Windmill Monitor
Product Information
LabVIEW Web Ul Builder Overview Frequently Asked Questions
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Demonstration
Thin-Client Web Interfaces
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Early Access Release Details

* Anyone can evaluate for free
= Fully functional except for ‘Build and Deploy’
« License for ‘Build and Deploy’ is $1,499 per user
= License is sold as one-year software lease

* Not part of Developer Suite or Partner Lease
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Inter-Target Communication Options

TCP/IP and UDP

Define low-level communication protocols
to optimize throughput and latency

Shared Variables

Access latest value for a network
published variable

Network Streams

Point to Point streaming in LabVIEW with high
throughput and minimal coding

Web Ul Builder
Create a thin client to communicate with
a LabVIEW Web Service

DMAs
Direct memory access between to different components
of a system

ﬁ} I C{,Searr_h l B View '

B Tor| [B TGF TGF
CER | [
=

@%a

g
i

b ]
my 11 & M |“
1 el
| Xa
Network Streams |§|
| 1 l CL Search | €l Customize™
HH H /
- B
Create Writer  Write (1 Elem)
e o
=R '2:H
Write (M Elem]) Flush Stream

NATIONAL
INSTRUMENTS




Start

Do you need Are ydu transferring data
to guarsnies the to an application that was developed Fublish lates!
transfer of avery with LabVIEW, Measurement Studio, values with shared

data point? or LabWindows/CVI? variables

Are you =2 Transfer dala with a Will you

transferring data to = low-level communications display the data in a
or from a Mac or Linux application, such as

computer? TCP or UDP

Publish latesi

values with LabVIEW
Web browser? Web Services

Are you
transferring data
to an application

that was developed
with LabVIEW?

Stream data or
send commands with
network streams

NATIONAL
INSTRUMENTS




Section Five
Advanced Error Handling Tools
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Specific Error Handling Guidelines

» Avoid allowing errors to affect subsequent code
= Not all code behaves the same in the event of an error

= Better to specifically decide which code to execute using
case structures

» Example:

= As part of shutting down your application, you need to turn
off three values by writing false to three variables.
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Specific Error Handling Example

errar in (no errar 1 = rrrrrrr k
@ ;|_‘i System Running|,, ;_\“ Cutput Enable|, ;_\i Powet|,, e
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Specific Error Handling Example

Clear Errors.vi :

Error in ino errar é‘ At i
@ { :IE 4 _:L\i System Running|,, h A Output Enable|,, h AW Fower|, h::a;ge Errors: i
T Ty

error ouk

Ly
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Specific Error Handling Example

""""""""" _:|.\.i Swskern Running|_,! L i _:_" Output Enable|,, | 5 5?!

Clear Errors. vi
Errar in (no error) ‘?éf
£t Merge Errors,vi

Ty
W aw oy Efror out
O+ 3 21 e
D..,l: beed 717 ==-1'!r,=-. ]
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Specific Error Handling Example

Clear Ertors, vi

error in {no error 3 - :
it { 1 ??y @ Systern Runningl,, e 8 QubpUE Enable),, .:.‘! f

| OO OO OOOOTOORD OO0 O OO O IO O O 00 O O O O O O Merge Brrorsd

Ty
oj|  Error out
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Error Classification and Description

* QOrganizes errors into * Records additional
classifications information about error
+ Examples « Examples
= Warning = Timestamp
= Critical Error = Number of Occurrences
= User Error = Variable values

= Communications Error
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Error Communication

* Transfers an errors from their origin to a central
location

* Desirable features:
= Priority
= Filtering (count occurrences)
= Deterministic transfer for RT applications
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Error Communication Available Tools

» Custom Solutions
= Typically use queues, AMC, or priority queues
o Structured Error Handler
= Notification system provides priorities and filtering

» Scan Engine Faults
= Provides priorities and filtering
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Section Six
Advanced User Interface Design
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“Good artists borrow...

‘great artists steal.”

— Pablo Picasso




Sources of Inspiration

* Apple
Microsoft Office
* Applications on your own computer
* Icon galleries
«  Web design tutorials
 Your corporate design team
 Photography, Art
 Books on:
User interface design
User interaction design
Usability
= Graphic design
= Visualization of information
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The Commandments of Ul Design

* |. Help your user achieve their goal
* ||. Don't Be (too) Innovative
* [ll. Less Is More

NATIONAL
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|. Think About Your User

* Do they know as much as you (they never do)?
 How will they interact with the application?

» Why are they using your software?
= The software (and Ul) should support their goal
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Il. Don’t Be Innovative

« Use familiar elements
» Don't change expected functionality
* Polish — don'’t reinvent

{3 Untitled 1 Front Panel * o | B
Eile Edrt VWiew Project Operate Tools Window Help
m@' Culi“ 15pt Application Fant '”:;.'”F[E'”ﬁ'”m'l s 2, | =
Shide Slide 2
10 1l
Mumeric Mumeric 2 1.5 L 5 Slicle 4 Bioolean
i 0 s 5 D 5 {——| OK
25 ! i 25
0 |
b

System controls mimic common operating system controls and are familiar to most users
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lll. Less Is More

 Too much at once is distracting; err toward minimalism

o Stick to requirements
= Don't do what isn't necessary
= You'll get done sooner
= |t'll cost you less to own it

* Focus should be on what’s important
= Example: Guide the user with color...
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“It seems that perfection is attained not when there is nothing more to add,
but when there is nothing more to remove.”

— Antoine de Saint-Exupéry



Giving your Ul a Custom Look

I
Tools Window Help

@u Examplevi
,__‘f____.__—____——____——
it View Project Qperate

S

Waveform Graph

Data Ponts
al
351 1

Moise
“ >
|||l|lu|||||n it
0 2 4 6 B 10 E
Ampl"mdt -\
44—"» E
prrrgrett L
p 2 4 6 § 10
Tolerance (Envelope)
e »
||n|ul|ul|u||l|||
a2 4 6 8 10
____—,___—____—,___—j'___—____—,___—____—,__——___l—
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Ul Customization Techniques

Front Panel Images and Decorations

\

 Make default controls transparent
* Add an image via menu Edit » Paste

Custom Controls |

* Use to customize cosmetics of controls and indicators
* Access via front panel right-click context menu Advanced » Customize

XControls

« Use to customize the functionality or cosmetics of controls and indicators
* Access via menu File » New

NATIONAL
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Adding an Image to the Front Panel

* As simple as Copy and Paste!

» Use an image editor to erase, add transparency
* Populate native LabVIEW controls

L= B

B ke T;;;:J;w ﬂﬂﬂﬂﬂﬂﬂ
— . Opente ook VN — il

Start: PowerPoint Clipart

Finish: Custom LabVIEW Ul
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Differences in the Control Editor
Bumeowwe T ede ke

Eile [rﬂ—\_ﬁnw—Eiqed-l Operate Tools Window Help
Mﬂ @llll -5ptApplicatiun Font |« !mvlmlﬁvl ¢v|

Normal Front Panel

; File LditH_ﬁnlhﬂiﬂjﬂd—Qpﬂﬂnquuls Window  Help
o :
— - e [
_-CE) Cantral |= 1| ISpt Application Fant |+ *’:"I -u.'rl _vl Cﬁvl
= .
L 1’ 6
i®] 3 7
LL]
o ? ]
[t 1 9
= 10
o
O

F
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When you should use Controls

* To create cosmetically different, reusable controls
« Example: resizing a Stop button to make it easier to click

When you should use Type Defs

 To automatically update data type in custom controls
« Example: reusing an Enum whose values may change

When you should use Strict Type Defs

 To create reusable controls that are identical copies
« Example: propagating changes to Gauge size and color
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Edit Mode vs. Customize Mode

f& Edit  view Froject) (@ Edit  View gro;ect'

\i” Control \Z” Control

__1Gauger
Edit Mode Customize Mode

» Change size or color of a  Make extensive changes to

control or indicator controls or indicators

* Access a right-click » Change individual parts of
shortcut menu a control or indicator
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Components of a Control (Slide)

Array Pixel

Housin
Index Increment J

3 Control 9 Control * h

Eile  Edit  ¥iew Projecl  Operale [Tools Windoew  Belp

_41' Cortrol - | L5pt Apphcatior Font |TI

3o |Tﬁ:'l|ﬁ'l|m'l »|[Search

' mrm 1T

- R waaaaaas 2 2

Needle, Fill Pixel

and Scale Decrement Cosmetic
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Components of a Control (Gauge)

Array Index Housing

3 Control 7 Control * h

File  Edit Miew Proed  Operale Tools Winlow  Help

|_,ZI Control |'rl 15pt Apolication Font |« :;.TI|-F|5|:TI :
Gauge

Needle, Ramp Extra Frame
and Scale Part

Frame
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Viewing Control Components

* View individual control components using menu

Window » Show Parts Window

-
18 control 12 Coantral = =

File Ecit ¥iew Project Operate TJTools  Window A

|£I. Contraol |+ || 15pt Applicas
F
3 F
2 A
Ly
D“'-
A
1

-
m Control Parts |i|

Curren: Part

-
4 [
1t g
e - 10
' .*"*

Scale
Fart Position an: I Dimensions
Tep |52 Heigkt |52
Lett |45 Wiclth | 171

Help
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Adding a Decoration and Custom Imagery to a Gauge Control

DEMO
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When you should use XControls

* To create reusable components with dynamic behavior
* To encapsulate extended functionality or cosmetics

When you should not use XControls

 To accomplish pure cosmetic changes
» When working on a single-shot application

Use Strict Type Defs instead when...

* You do not need dynamic run-time and edit-time behavior
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An XControl Example...

Design a thermometer control that can represent a single
numeric input in either Celsius or Fahrenheit.

Discussion:
What makes this a good
application for an XControl?

i3 Run Dual Made Thermameter KCcntr...[Elﬂlﬂ_hJ

File Edit View Project Operate Tools Windeo|FEm

=@ 5 T
Dual Made Thermometer Dual Mode Thermometer
Control (DMTC) Indicator (DMTI
100- 109 -
E»Il'—f l»l]'—f
ﬁ-ll—f nu-f
4I}—E -‘il]'—f
20- 20-
He 0-
| Fahrenheit Fahrenheit

=

Note: This example XControl is pre-built as part
of the default LabVIEW Examples

Simple Dual Mode Thermameter XControl.heproj /My Com[

T NATIONAL
INSTRUMENTS




Example XControl Requirements

1. Thermometer must keep track of which temperature
unit it represents

2. Thermometer must convert temperature between
Fahrenheit and Celsius

3. Thermometer must represent a single numeric value
and look (visually) like a thermometer.
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Using XControls

» Manage XControls via the Project Explorer
 XControls appear as regular terminals
* You start with shell code

oo
[Thermometer XCantrol
- Pv— || [nclicator
[ Ermameter antra
Term/nal - @ “ lcpn
View ce View
[

Remember - you can go a long way without resorting to XControls NATIONAL
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Structure of an XControl

Properties
(Optional)

Methods

Optional)

Abilities
Mandatory)

i T
i3 project Explorer - Simple Dual Mode Therm... EIM

File  Edit Yiew Project Operate Tools Window Help

't &S el % IELY=0

Items | Files

& Project: Simple Dual Mode Thermometer XControl lvproj
= B My Camputer

Elﬂ Simple Dual Made Thermometer XCantral.xctl

G [ Properties

- [ Methods

- Vs

@l Simple Dual Mode Thermaometer Data.ctl

|1'__l Simple Dual Mode Thermaometer State,ctl

- [ml Simple Dual Made Thermometer Facade.vi

@:‘ Simple Dual Mode Thermaometer Initvi

& %' Dependencies

i: Build Specifications
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XControl Properties

» Allow the user to configure the XControl
programmatically via Property Node

Browse...
-
{a Run Dual Mode Thermometer XControl.wvi Bloc Class ID
- - - - Class Mame
File Edit Yiew Project Operate Tools Cwner
DopEEEE R
Bounds
12¥ Project Explorer - Simple Dual Mode Therm...‘£ Position
File Edit View Project Operate Tools Winc Blinki
—— = inking
/[ &5 es | s vt | o=~ Caption »
Items i Files ] P o
Data Binding 3
DataSocket 3
- i Indicator (DB Description
+ & Properties neicatar {
- G=¢ Fahrenheit Mode? Disabled
ol rdethacls Fahrenheit | E Kev Bindi
Vi oc.us ey Binding
Simple Dual Mode Thermometer Indicator
Simple Dual Mode Thermometer Key Focus i
Simple Dual Maode Thermometer -
-5 y Simple Dual Made Thermameter XControl.| Label » 1 [ b

Simple Dual Made Thermameter
o’ Dependencies
-~ 7= Build Specifications

L

\

Skip When Tabhbing

Senchronous Display
Tip Strip

Value

Yalue {Signaling)

Yisible

XCantrol 3

4 Fahrenhert Mode?
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XControl Methods

» Allow the user to engage functionality of the XControl
programmatically via Invoke Node

L y
{3 Run Dual Mode Thermometer XControlvi Block Diagram an Simple Dual Mode Ther... E@g

File Edit VYiew Project Operate Tools Window Help J.
E{‘J’l@l ©@|M|E|uﬁ | 15pt Application Font = ”:,;vl Tu:vl |-Q I @

12¥ Project Explorer - Simple Dual Mode Therm...‘£ Diual Ma
/ File Edit VNiew Project Operate Tools Wine Indicatos

=11 | s v | ==~

Items i Files I

Browse...

Object Highlight

m

Attach DataSocket

= (Bl S |
= B My Computer Data Binding »
:w 1-3 Simple Dual Mode Thermometer XCc Fit Cantral To Pane
i i1 & Properties
I L Methods Get Image

L. =, Convert C to F.wi
Vs

- |, Simple Dual Maode Thermometer

[F1 Simple Dual Mode Thermometer

Simple Dual Made Thermometer

Get Terminal Image
Reinitialize To Default
Remove DataSocket
Start Drag ——

i-j:}

__f":, Simple Dual Made Thermameter

+ = Dependencies [
-% Build Specfications mg!ﬁ— J
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XControl Abilities

» Required components for proper function
 Represented by Vls or Controls

* Four mandatory abilities:
= Data

= State

= Facade

= |nit

» Additional optional abilities may exist
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XControl Data Ability
* Type Definition Control

* Specifies the data type of the XControl

| 5
Operate Eﬂ

-
13 Data Type Def

Eile  Ecit  Niew Project Tools

cAla

This type definition defines
the type of the XControl's data.

Temperature in Degrees Celsius

I3F Project Explorer - Simple Dual Mode Therm...@ﬂ\g

\

ile Edit VMiew Project

= N

Operate Tools Window Help

| sz wve | =R~ ol

B My Camputer
ﬂ!‘} Simple Dual Mode Thermometer XControl.a<ctl
++ Gl Properties

Methods
wIS

imple Dual Mode Thermometer Data.ctl

mple Dual Mode Thermometer Facade
imple Dual Mode Thermometer Init.wi

Pmsrnummrs




XControl State Ability

* Type Definition Control

* Specifies information other than data type that affect
the appearance of the XControl

-
{3 state Type Def E@ﬂ

Eile Edit ¥iew Project Operats
&
» @

43 Project Explorer - Simple Dual Mode Therm... o ). |

FEile Edit VNiew Project Operate Tools Window Help
[ % & e# | = | &5 v | EB- e el

Fems

The State VI is used for any variables
that will affect the appearance or the

data manipulation of the XContral. fae? 5"-‘*’5(-"":"'[';"1 Mode Tt et e vty ol ]
rul thF Simph DMT‘?t nn-lr nttd tu : J- :'- LJ”‘T:)":Oepe:iaes\- ode TErmometer ontroal o«
know if the data is being displayed as - @d Methods
Fahrenheit. : Vis
State e - - F- -
Simple Dual Made Thermameter State ctl
Fahrenheit = e =

- = Simple Dual Mode Thermometer Init.vi
% Dependencies
‘:.:-_ Build Specifications

>

Pmsrnummrs




XControl Facade Ability

* Defines the appearance of the XControl
* Invoked after changes to Properties / Methods

-
B e
File Edit Y
4=} Project Explorer - Simple Dual Mode Therm...@%
| - File Edit View P t OQOperate Tools Window Help
mlu_ ms v | =~ o) \
T
| Fahrenheit  ~
o i
simple Dual Med
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XControl Facade Ability

* Also invoked when:

Data is written to the control

::ac:::- :S.::ie i:zlj::oeur::::omlc:rl; 1 li:::jrgr:‘:l:n Simple Dual Mode Thermometer XControl.lvproj/My Computer * Ap pea ra n Ce n eed S u pd ati ng
(18] @] (2] [wal P |7 [ 150t Appication Fone - ] [~ [a-] [€5-1[+al] . .

e o i e e <F Changing between Control and Indicator

B ¢ Shortcut menu activates

e ——— Short menu is selected

...and more

LabVIEW calls the Facade VI with Shertcut Menu Selection (User) Event when the USER night chicks
on the Shde, Thermometer or Fahrenheit controls and selects a user stem

The code does the following \
L Checks to see which user tem was selected
2. IF "DISPLAY_TEMPERATURE" is selected, put up a dialog displaying temperatures in both Celsius

and Fahrenheit

wde Thermometer XControl.lvproy/My Computer « " " &
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XControl Init Ability

» Called upon first placement or load into memory
* [nitializes display state before being displayed

» Handles control versioning

{3 Init [Simple Dual Mode Thermometer ...] Block Diagram on Simple Dual Mode Thermometer XControlvproj/My Computer = E@I&J

Operate  Tools Window Help

Q |2l

Eile  Edit View Project

o I@I ©|E|I..u|lﬁ"|uj} | L5pt Application Font |~ ”;mvl

-] [#5-][24]

Previous Version
. ] 4 "0.0.0.0" vk

Just created, use default state,

[Acld case far every wersion preceding the current versian

| [l

m

Project Explorer - Simple Dual Mode Therm..."\ﬂlé

e Ecit View

Simple Dual Made Thermometer XContrallvpraj/My Computer «

Project OQOperate Tools Window Help \

‘@E:H | R~ & s \l\,l"‘

= & |

Files

My Camputer
2 Simple Dual Mode Thermometer XControl.xctl

Properties
Methods

Vis
Simple Dual Mocde Thermometer Data.ctl

Simple Dual PMade Thermameter State ctl
Aermometer Facade.vi

Simple Dual Maode Thermometer Init.vi

TP CTICCTIICIC S

Build Specifications

—
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9 Complete Demo.vi Front Panel

File  Echit Visw Project Operate Tools Window Help

Iil@ il II' 15pt Application Font |vl|:m_v||7|fi”gl [ B @}

Touch Scrzen [nput

Select Test
80211
Bluetooth
e High Resolution Screen
==

r;emﬂ J.,W "*’Qﬁwﬁa—aﬁjﬁﬁ@w Hele Charging Circuit

o

e Qpat Towlt e nbort ol W

m}& e Bt ﬁ@%ﬁsw”?"“‘““’f LS Port !
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Gallery of Examples

s )
{3 Car U1 o] =0 S
File Edit View Project Operate Tools Window Help J

1 el
» =[®[n] 1
Tach Speedo Fuel Level Temp

10 2640 10 -Llll—:

15 w- L 150 30

5 00 5 20

[ J. -

25 = 2.5 Lﬂ—;
g g g E =

Shift Down | | Shift Up

Credit: Simon Hogg
NI Community Ul Interest Group
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Gallery of Examples

Credit: Simon Hogg

NI Community Ul Interest Group o NATIONAL




Gallery of Examples

1 i3 Xgrapher Dema - Jonathan Cohn ==
Data Generator
Type * plats - Show Xscale Dxe"gelroa-e'r?JI:::;'lan Cohn [CLA CPD
Sine EI 4 = ?E:'::it;eclraw Em'ail:ﬁ:n;than.cohn@bloom}f.éom
Click Here for Instructions Farum Page
¥ (235.95980 | v |7.305947 Plat i M Plat L M Plat 2 J Plat 3 M Plot 4 J Plot 5 M Plot & J
10-
8-
6-
1-
2-
Q-
_2_
_4-
_ﬁ_
_8_

'

=

=)
1

b

Credit: Jonathan Cohn — Bloomy Controls

LabVIEW Example Code Contest 2010 Ul Controls Category Winner NATIONAL
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Organization of Complex Uls

Tab Control

* Use when controls don't all have to be visible at once
* Limit to the number of tabs you can gracefully use
* Loads all controls into memory at once

Category and Content View using SubPanels

\ ]

* Use to dynamically decide which controls to display
* No limit to the number you can gracefully interact with
* You control when the VI is loaded or release from memory
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Using a Tab Control

1. Add to front panel
2. Customize tab control
3. Populate with controls

* More flexible than most people realize
= Transparent tabs
= \ertical tabs
= Tabs with images

NATIONAL
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Example Tab Control Application

Using LabVIEW to mimic NI DIAdem, software that outshines Excel for data postprocessing

{3 Tab DIAdem Example.i Front Panel * @Elg

Eile  Edit View Project Operate Tools Window Help

||:D @l ©|E| 15pt Application Font |v||!,;.v|-o\ "'?

:;"@DIAdEM-MEW-'NONAMl IIIIIIIIIIIIIIIIIIIIIIIIIIIII_
‘I - File View [ = Wavefarm Graph M )l'Slgl'I | ]
/ - 1 - =
I Eg > @ [E o B 2- -
/ — | 15- ]
/ MNAVIGATOR [ J ;"‘ i - | NAVIGATOR ] -
! | — P u -
/ @@ [ = N Z us- ]
| ™ 2 £
!:I =g LD 2 o- I
[ = =L
| > I - |
VEW il go v ui ]
N -1 i ' i
Jaimg (OO(| - = -
13 - u _f:'r 0 002 004 006 008 a1 ||
[ m— | i Time in
AMNALYSIS [ I
| ANALYSS :
DD Wavefarm Graph 3 Filtered 5'9'“' H—
(o N 08- i
=1 5 < | 0.6~ I
| =7 [A1 B 0.4- B
| = n 3 02- ]
- B £ o e
‘u‘ L? 0.5 [ | o -0.2- I
' ;-;J’ o B s i
= | 0.6 ]
i -0.5 || -ﬂl In
0.02 004 006 008 01 ||
= Time ::

| I 3
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13 DlAdem Style Tabswi ‘ ‘

Eile Edit View Project Operate Tools Window Help

Analysis

REPORT

Disguising a Tab Control with Transparent or Image Tabs

DEMO
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Using a SubPanel

1. Determine higher level VI screen real estate
2. Develop size appropriate, modular SubVIs
3. Dynamically Run SubV]

4. Dynamically insert SubV| into subpanel

ﬁ---l' W

Run V1
[F] -1+ Wait Until Done
vAuto Dispose Ref
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m SuoPanel Main.vi

Eile Edit  Yiew Project Operate Tools Window Help

i [@][@[n]

Listhox Sub Panel

Strings -
Sliders

MNurmbers BUttO nS
| Buttons |

Sire Waves!
System Back Button

[‘ Bzck ]

System Infa Button

(@ o |

System Pause Button

System Mext Button

[» [RE ]

Systemn Load Button

[%b Lead ]

System Print Button
= Print

System Email Button

[IE Emai ]

System OF Button
[ ok |

System Refresh Buttan

Srstem Cancel Butten

[w Cancel ]

Srstem Cpen Button
[ 0 Open ]

Srstem Save Button

[ rilListhox| [ @ stop |

Displaying Subpanels based upon User Selections

DEMO
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Gallery of Examples

Credit: Simon Hogg
NI Community Ul Interest Group
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Indicating Progress of Slow Operations

» Splash screens are effective when applications have
a long load time

= Provide development and support information
* Busy cursors

* Progress bars e

& LabVIEW
=

For tips on using busy cursors, view Part | of this presentation available

on the NI Community Ul Interest Group site NATIONAL
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i oo =) e |
i3 splash Screen SubVI - Solution.vi Front Panel B

File  Ecit ¥iew Project Operate Tools Window Help

ni.com/{labview

B e e e e i mcmmssm st a e ——— s

............................

VNATIONAL
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Using an Event Structure to Create a Splash Screen

DEMO
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Gallery of Examples

L
[Eile Edt View Project Operate Tools Window Help

[>]@] ®[1][P] 2 [ea B [ 1Spt Application Fomt | ~ [T~ ][ax] [2~|[>a

Splash delay {3000 ms}

Framework Credit: Mark Ridgley, Logic PD

NI Developer Community (NATIONAL




NI LabVIEW Certifications Align with Training

Developer Senior Developer Software Architect
| Project Manager

Advanced
: 1 — = Architectures - —
LabVIEW LabVIEW Sﬂfﬁﬁv Certiieg | — g Corec
-> -> . - = =>/LabVIEW Core 3 — —>BREI\U|UAN - — 4 g LabVIEW
Core 1 Core 2 Associate I I Manaain I .
Developer I Developer : ging , Architect
P I .,  Software
I Engineering in
I, LabVIEW LabVIEW
| Connectivity
I
I
|, LabVIEW
Recommended course :_ Performance
. I
Optional course | Object-Oriented
. Optional certification - DeS|gn.& _
Programming in
LabVIEW

"Certification is an absolute must for anyone serious about calling himself a
LabVIEW expert... At our organization, we require that every LabVIEW developer
be on a professional path to become a Certified LabVIEW Architect.”

- President, JKI Software, Inc.
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