LabVIEW
Programmer Days




Challenges when developing LabVIEW
applications?
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Agenda

 How to start programming your LabVIEW
Application?

« Common pitfalls

e Project Organization, File Naming and Control
e Structuring your application

« Error Handling

* Practical Tips and Tricks

 What is Next?
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Common Pitfalls
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How to avoid bad designs?

 How to start the project?

 Why should | use tools like LabVIEW Project
Explorer, Version Control or LabVIEW Style

Guidelines?
 Why the code structure is important?

 Why the Error Handling is essential part of every
project? What are the benefits?
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LabVIEW Style Guidelines

« Each developer has his own style and that can be
a problem when multiple developers work on a

project
* |nconsistent style makes software difficult to
maintain and reuse.

« Select a set of guidelines that works for you and
your development team and make sure everyone

follows those guidelines.

o LabVIEW Style Checklist: nttp://zone.ni.com/referencelen-
XX/help/371361G-01/lvdevconcepts/checklist/
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Project Organization, File Naming and
Control

e Create the Folder Hierarchy (before you start
coding)

e Use the LabVIEW Project

e Use proper source filenames:
— Create unique filenames (never default names)
— Do not abbreviate filenames
— ldentify the top-level Vis

« Use Source Control (for example: Perforce,
Tortoise SVN, MS Visual SourceSafe)
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& The Project

LabVIEW Projects
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Demo
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LabVIEW Projects

 Tip: Try to use the same file structure in your
LabVIEW Project and on your hard disk

# Project Explorer - TLC.L... =

& The Project
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Why Is Structure Important?

* Think about structure before you start!
+ Easier to understand, upgrade and maintain
+ Easier project management
+ Find problems earlier
+ Self documenting

o LabVIEW has built in Templates
+ No need to reinvent the wheel
+ Get started faster
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Why Is Structure Important?

e |s Code & Fix a good practice?
e Easy to just start coding in LabVIEW
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- 00_00000___]
How to start your main application

e Start on paper
 Requirements

 Program flow & data flow
— State transition diagram
— Flow chart

INSTRUMENTS
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I me Elapsed = TRLUL
and
Stop = FALSE

Tim= F apssc = FAl 5F
and

Slop = =Al 55

Waming = FALSE

stop = TRUL

State Transition Diagram l
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State Transition

Diagram

Initiallize

e Elapsed = TRLIF

Tim= B apsze = FALSE

Haatstroke
Warning

Stop = FALS L

Stop = TRLIC

‘
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Design Patterns

e State Machine

* Producer/Consumer (Data)

* Producer/Consumer (Events)
* + many more
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State Machine Design Pattern

* You are facing these challenges:
— Set of task to perform in sequence
— Sequence is not fixed

— Example: Acquiring data and performing actions
based on signal level
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State Machine Design Pattern
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State Machine Design Pattern

o Tip: Type Def the enum used to control the
cases in the State Machine.

init

0=

Wisible Ikems 3
Find Terminal
Change to Indicator

Description and Tip. ..

Create

Replace

Daka Operations
Advanced Key Mavigation. ..

Fit Conkral to Pane Synchronous Display

4
4
4
3

Scale Object with Pane Customize, ..
) Run-Time Shortcut Menu b |
Representation 3
Display Format. .. Hide Control I
Enabled State [
Select Tkem 3

&dd Item After
Add Item Before
Remaove Ikem
Edit Items. ..
Disahle Tkem
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Demo

State machine with Cluster

M "Acquire” "t
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Queues
Chbkain Queus . : :
% |Create a Queue with a datatype Works just like a queue at the
Tk |and a name ioptional) superm arket

— First in, First out
Engueue Element

E.. |Put a piece of data last in the queue  — Buffers data, allows different
0 0

rates of Enqueue and Dequeue
Dequene Element — Can be used to transfer data
=... |Take the first piece of data From the between |OOpS iIn same VI or
M0 quede between Vls

Release QuUele

W |Release the queue to deskroy it
1Tk |and Free up the menmnory
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Queues

e Normal Use and Behind the Scenes

INSTRUMENTS
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Queues

e Tip: Use cluster with Enum and Variant to get
multifunction queue
* Enum is command that explains datatype/action
» Variant contains data of any type

Cbkain Quele Enqueus Element Enqueue Element

Nl T ] e T . T
4k Powerion e = =
Tk i) M m

[#PowerOn_wi— Cammand H’_ W Flaw =] Command EE
Dievice Id |[DBLy—1 &3 7= Data File Path Ik == [iaka

Context Help

Mo description available,

(cluster of 2 elements)
] Command {unsigned word [16-bit integer (0 o 65535)] enum {PowerCn, Plav})
&1 Data (Yariank)
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Queues

* Tip: For time critical applications pre-allocate
gueue size for best performance
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Queues

e Tip: You can create a single VI to handle all
Queue operations without using reference wires
in the main program.

"Dequeue” -] W[ Release” <]

CObtain Gugue  Dequeus Element

e —

*Enqueus v W Degueus ™

QUELE QUELE

] il InjDat
GueueDatalnISar‘ﬂEhDEtE...I“"""‘"""'EHGME ——ie Heus ame ENGm:DEtE Cut e "Sample[]ata,,,"

-1 1T

Cueus Mame In IData h
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Producer/Consumer (Data)

e You are facing these challenges:
— Need to do intensive processing

— Amount of code too much for one loop, takes too long
to execute

— Different parts in the program need to execute at
different speeds

— Can't afford to lose data

— Example: Time critical data acqusition with intensive
analysis

y NATIONAL
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Producer/Consumer (Data)

 Enhanced data sharing between multiple loops
running at different rates

 Two categories of processes, those that produce
data and those that consume data

 Use when you need to acquire multiple sets of
data that must be processed in order

y NATIONAL
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Producer/Consumer (Data) Design
Pattern

|This temnplate is for the Producer/Consumer design pattern. |

 Benefits

|ThisIoopistheproducerloop. | _ ACqUIre mu|t|p|e
Coempute conditions to Sets Of data that
decide whether data is b d
e vl M True vt Releasing the queue mUSt e processe

|Generate the data here.

stops the consumer

loop). in order

data (can be any typel

_%_} element D—)E-IIEI ____________________________ _é_) -_ QueueS data, no

data loss

e Considerations

— Timing the producer

o Eror 3] — Sending data from
This.iswhereyou process the data the consumer to the
obtained from the queue. prOducer

y NATIONAL
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Demo

Producer/Consumer (Data)

|Th|stemp|ate is for the Producer/Consumer design pattern,

[This loop is the producer loop. |

Compute conditions to

decide whether data is
izl Releasing the queue
[ True 't ) q
I I stops the consumer
|Generate the data here, | loop(s).
data (can be any typel
ki I tf{ Seee
elementf "0
stop

[This loop is a consumer loop. |

E |j Mo Error Vt

EI};EI "””ﬂ

i_ g W
p

This is where you process the data
obtained from the queue.
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Producer/Consumer (Events)

e You are facing these challenges:
— User controls application via GUI, no set sequence
— Heavy data processing required
— GUI needs to respond directly at all times

— Example: Any heavy processing, user interactive
application

y NATIONAL
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Producer/Consumer (Events)

|Th|s template is for the Producer/Consumer design pattern.

Beneflts |This|oopisthe producer loop. |
= |[U] "Enqueue Element": Value Change'H—

— Efficiently responds Enqueve Element

asynCh ronOUS|y to data (can be |Generate the data here. |

the user interface " . . 5

freseelr -8 y
Queues Can tranSfer = Releasing the queue
stops the consumer
|This|oopisaconsumerloop. |
|: Mo Error "t

3 ‘Process the data here. ‘
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Events

Event Selector Label

[l] "Numeric": Mouse Down Yp
Timeout
Source Event B;tt:”
Type Filter 0ds
Time Event Node |FlatMods
—Data Discard?
CtiRe Node
Coords
Button q
Mods Defaulted
PlatMods Tunnel
17 << Dynamic Event Terminals >> [i-
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Events - Configuration

« Use a dialog box to configure events by right-clicking the
Event structure border and selecting Add Event or Edit
Events Handled by This Case from the shortcut menu

Event Selector Label

= [[17 "Murmeric": Mouse Down * k—— |
Timeout it
BLtton Visible Items [ 3
SOUFCE El'fﬂt Mods Help visible Trems 3
ilter b i
?pe Event Node |FlatMods Eets';rlptlnn gntd Tip... Help
T _ | pata Discard? et Breakpoin Examples
iZtIRef Node Cescription and Tip..,
Coords Structures Palette Breakpoint b
Butkan E ./ Aukto Grow
Mods Defaulted Brepiriois et S L Structures Palette 3
PlatMods Tunnel o Ao Grow
i << Dynamic Event Terminals >> [i- AR R ey Exclude from Diagram Cleanup
|::| Add Event Case. .. Remove Event Structure
Duplicate Event Case. .. Edit Events Handled by This Case. ..

Delete This Event Case

add Event Case...
Duplicate Event Case, .,

 Show Dvnamic Event Terminals
Show Case [0] Timeouk
Rearrange Cases... Show Dynamic Event Terminals
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Demo

Producer/Consumer/User Interface

"Run” +
Producer Loo
= |+ Enqueue *| [ Status =|
= =m g
oLThE ?
v g RROF? [=
Sequence Here we acquire Here we zend
m the measurement data the measurement data
4+ Init hd tothe "Data” queue
oy " [ Consumer Loop|
[ Exit ~ Consumer Loop

1 Default 't

file path (use dialog)

Here we save
the meazurement data

Here we get

the measurement data

m from the Data queue

|u]

I Type| Herewejustcheckif the Producer or Consumer loops are
stopped [errar accured)

ni.com
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Choosing the best Design Pattern

Contains a
Sequence’

1w

Responds to
=er Interface’?

Parallel
Operations

=Zimple %I
Architecture

re-store

cgeued Message

e Seque!-uce e Handler
wecLtion™
1 [ =] State Machine
Intensive Producers
Nes Processing Yes |  COnsumer weith
Meededy Ewvent=
o - U=zer Interface
Ewvent Handler
IsTiming the NS MasterSlave
Producers
Mo - COnsumer

Parallel Loop
Architecture




Case

Acauistion

I me Elapsed = TRLUL
and
Stop = FALSE

Waming
= TRLUF

Tim= F apssc = FAl 5F
and

Slop = =Al 55

Waming = FALSE

stop = TRUL

INSTRUMENTS
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BREAK
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Error Handling

« LabVIEW applications execute as programmed
and therefor are not iImmune to bugs.

* Error handling is essential part of any
application.

 Debugging LabVIEW application without proper
error handling iIs same as programming
blindfolded.

e So how to handle errors?

y NATIONAL
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Error Handling

o Use the "No Error / Error’ case with most of your
subVIs!

Error happend before this vi so
Put your code here we don't do anything here,
We will only pass the error...

INSTRUMENTS
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Error Handling

 Use General Error Handler VI instead of Simple
Error Handler VI

— Simple Error Handler VI is just caling General Error
Handler VI and hiding some of it's inputs.

i {# Simple Error Handlerwi Block Diagram . 0 o5 e
File E_c_l?t EI-EW_EF_UJ-}‘TE'E g_per??e Ioo_ls__\i_"ufindow Help ==
=] I@j’ I@'@ |l|u||E'!|;|y | 15pt Application Font |« ” ;J;.| -Q I @ @
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Error Handling

e Log all Errors
— Users may not report every error to developers

— Even the minor errors may indicate bugs in the code.
For example ini-file may be in the wrong place and
user has to always seek the right path.

— Errors may happen within specific time so there might
be a memory leakage or some other problem that log
file could help to discover.

‘7 NATIONAL
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Error Handling

e Can | create custom Error Codes? Yes you can!
And you should!

 Error Codes in the range of -8999 to -8000 and
5000 to 9999 are reserved to user-defined errors

 Maintain user-defined error codes within an XML
file

 Use Error Code File Editor:
— Tools -> Advanced -> Edit Error Codes

y NATIONAL
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Error Handling

« Use Merge Errors function for parallel execution

ge
s LUETINTS ;
x E HES
Ik :

4 | =
i ==|ﬁ:‘| error out

o Use shift reqgisters in loops with Error cluster

— For loop with O iterations will clear the Error (if shift
register is not used)!

INSTRUMENTS
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Error Handling

* Do not popup Error Window In lower level Vis.
Only acknowledge errors there and pass that
data forward with error cluster to the Main VI
level.

e Use Error Popups in the Main Vls to show user
where the error happend and why.

In subVIs Only Trap Errors In Main VIs Show Error Dialog

INSTRUMENTS
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Tips and Tricks

 High Speed Data Storage with Variant Attributes

Here we write some data Here we Read the same data
to the memory from the memory

NameInl abc:= MName Cut
Passed?[TER Passed?

Score In ||E 3 »I6L | [Score Qut
Age In |13z msiz n M [

error in LS " i

INSTRUMENTS
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Tips And Tricks

¢ Save measurement data easily with Smart
Logger VI.E
— One VI will handle all the file IO tasks
— Fast & Easy to Use
— No reference wires needed in the main application

INSTRUMENTS
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What is Next?
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LabVIEW Programmer Days:
Just the Tip of the Learning Iceberg

LabVIEW
Programmer Days

Physical & Devel - ni.com/events
Free Resources Virtual User Hands-On Webcasts eveloper Zone ety ni.com/devzone
Groups Seminars Community

i On-Demand ) "
Resources Included with Access to NI ni.com/services

Standard Service Program Training
9 Modules Appllcatlons Engineers

(SSP) —odul

Self- [ .
Training @ Online Instructor- Onsite i ining
Training Courses NI OﬁI%e Led Training Paced Training -com/lrainin
Training
] |‘!
s
Certification Certﬂggolé?;\émw ; Certified LabVIEW LC; (te)r\t/T:EG\(/jv ni.com/certification
Developer .
Developer Architect
i




Understanding the value of NI Training

e Overall, approximately 89 percent of
respondents of our survey categorized the return
on investment (ROI) for NI training courses as
average to extremely high!

 |n addition, the average NI training customer

achieved the following specific benefits:

| "  66% faster learning
50% faster develo@ment
43% less maintenance

0% 20% 40% 60% 80%
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Online LabVIEW Community

Discussion
Forums

Product

R&D Bloggers Feedback

ni.com/community

y NATIONAL
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The Power of the Platform

110,000+ online members 400+  third-party add-ons
350,000+ support posts nine languages 400+  solution partners

300+ user groups worldwide 1,000+ value added resellers
2,000+ robotics experts through FIRST 35+ classroom training courses
400,000+ children through LEGO 15+ online training courses

1,000+ job postings online
_ Collaboration
Community

EmEEE

3 LaVIEW

Connectivity 6,000+ example files
7,000+ instrument drivers

1,000+ motion drives

1,000+ smart sensors

500+ industrial cameras
1,000+ Third-party PAC devices

INSTRUMENTS
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LabVIEW Courses

Certifiad
LabVIEW Core 1 LabVIEW Coraz | cooviEW
Devalopar

Recommended Courses

Optional Coursas
I Optional Cartification Leval

Lq-h‘u"lE'I.I"l" Core 3

Lab\EW
Connactivity

LabhIEVY

Parfarmancs

LabWIEW
Devalopar

Managing Software

Enginesring in
LabVIEW

Advanced
Architecturss for
LabWIEW

LabVIEWW Object

Crientad Frogramming

Syetern Dasign

Cortifiad
LabVIEW
Architact

INSTRUMENTS
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User Groups , :

* Browse existing user groups
* EXxplore user group content

e Host your user group on ni.com
— Share presentations
— Display a group calendar
— Communicate with other members
— Read meeting notes

ni.com/usergroups

y NATIONAL
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abVIEW

http://lavag.org/

Architects

@ LAVA - Windows Intemet Explorer I e e o S —— UV o | ) ]

@\‘/ - |é hittp://lavag.org/ v| b | +5 ‘ A | | =] Bing el '|
¢ Favorites 15 W Home - Northern Region Univers 5td by Adobe Typ...
BE|~ 4 Focebook (A ava x| %~ B - O @ - Bager Sfely~ Took~ @~ 7
. _ wware.iPhone-Unlockar-Pro.. “
Software & Hardware Discussions
Forum Statz Last Postinfo Worldwide
Incorporation
LabVIEW General . = Today, 05:52 AM HK Offshore Onshore
= . i o - 2,217 Topics ’ ¢ : —_— - .
Paost questions here that dontfall into any other LabVIEW programming categary listed 10,697 Replise ' Quallty of Labview Application & Mainland China Co.
below. £ 2 By: ShaunR Formation

wwwe.topworldreg.com

LabVIEW (By Category) Open company in

@ Application Design & Architecture @ Object-Oriented Programming @ User Interface : : Belize
® Remote Control, Monitoring and the Internet @ V1 Scripting @ Cedification and Training 5,498 Topics = Today, 1_0 14 AW All ‘_f’OU need to =
® Application Builder, Installers and code distribution ® Development Environment (IDE} 20,485 Replies In: SME_’ using ethernet port modem register OffﬁhOI'E_ Fast
® Source Code Control ® Database and File 10 @ Caling External Code By: rociologa & safe services in
® Machine Vigion and Imaging @ Te={Stand @ RealTime @ PDA @ Embedded ® Linux Belize i
@ Apple Macintosh Company-Exprass.com/b. L2
L1 Top Reputation (-]
Hardware ; = 08 January 2011- 03:26 AM
? 1 o : 1,426 Topics - .
Hardware problems, questions, driver development, DAC, Sensors, GPIB, Serial, 4954 Replies In: Trouble with 3 couple of Co Aristos Queue m
- Instrument control and any hardware specificissues. ! P By: SuperS_5
Daklu [ 130 |
ShaunR
Resource: -
vugie
Forum Statz  Last PostInfo jgcode m
Code Repository (Certified) ) - Yesterday, 10:30 Al Francois Mormandin [ 100 |
U Discussions and support topics linked to the Code Repository certified code. 186 Topics In: [Discuss] State Editor for
1,033 Replies B-'T Plon - crelf Ea
® Code Repository (Uncertified) y: Lon Flomp
Yair !:::
Code In-Development A5 Topis, = 1092, 09:52 A PaulG.
ﬁ Use this forum to discuss code that may or may not gualify for the code repositery but you 350 Replies In: PHP Calendar Question
- justneed somewhere to upload it and share with the LabVIEW community e By: Ton Plomp jcarmody
@ Internet | Protected Mode: On fa v RI100% ~
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Links of interested:

e Developers Zone:
http://zone.ni.com/

NI Support
http://www.ni.com/Support

 Alliance Program
http://www.ni.com/alliance/

e Training
nttp://www.ni.com/training
 LabVIEW Fundamentals Exam

nttp://www.ni.com/training/labview exam.htm

INSTRUMENTS
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Sweden 2011

EXPERIENCE THE NEW NIDAYS
20 SEPTEMBER 2011

JOIN'OTHER LABVIEW USERS,
THE LabVIEW CONFERENCE ENGINEERS'AND SCIENTISTS

NIDays 2011 — The LabVIEW Conference offers you a full day with a range of innovative
technical sessions. New in 2011 is the specialdfacuLabVIEW use.
More information and registration, goni.comswede/niday:

The Graphical System Design Awards- the technical paper contest that showcases the mos
innovative uses of virtual instrumentation in tdaghor research as well as from engineers in
industry.

One winner will be recognized for his achievemerthwa prize and his paper will be published on
our website and be presented on NIDays 2011.
Prizes: iPad, Trophy, Keynote time on NIDays

More details on ni.com/sweden/gsdawards

INSTRUMENTS
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Denmark 2011

[ ey

EXPERIENCE THE NEW NIDAYS

13 OCTOBER 2011

JOIN OTHER LABVIEW USERS

THE LabVIEW CONFERENCE | |ENGINEERS AND SCIENTISTS

NIDays 2011 — The LabVIEW Conference offers you a full day with a range of innovative
technical sessions. New in 2011 is the specialdfacuLabVIEW use.
More information and registration, goni.comdenmarl/niday:

The Graphical System Design Awards- the technical paper contest that showcases the mos
innovative uses of virtual instrumentation in tdaghor research as well as from engineers in
industry.

One winner will be recognized for his achievemerthwa prize and his paper will be published on
our website and be presented on NIDays 2011.

Prizes: iPad, Trophy, Keynote time on NIDays

More details on ni.com/denmark/gsdawards

INSTRUMENTS
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Questions?
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Functional Global Variable (FGV)

e Fast

 More memory efficient and reliable than Local or
Global Variables

 Expanded Functionality possible

‘7 NATIONAL
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Shift Registers

 When using loops, you often need to remember data
from previous iterations

 Shift registers transfer values from one loop iteration
to the next

Cukput

1 H= >_|—E|—E

INSTRUMENTS
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Shift Registers - Initializing

Block Diagram st run 2nd run
Initialized R
Shiﬁ. = E>_,_|.._?IU;EU.IE Output=5 | Output=5
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Stacked Shift Registers

« Stacked shift registers remember values from multiple
previous iterations

« Right-click the left shift register and select Add
Element
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Local Variables

 Local Variables make no use of the standard
Data Flow principle

e |deal for situation when wires cannot be used,
for example between separate loops

Do not overuse! Shift Registers are more
effective

 More advanced cases use Queues or Notifiers
Instead
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Local Variables

e Good use case: Use local variables to pass stop
command between parallel loops

Loop 1 Loop 2
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Local Variables

e Bad use case:
Main Architecture

e Use Cluster and
Shift Registers
Instead!
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Race Conditions

« A race condition is a situation where the timing of
events or the scheduling of tasks may unintentionally
affect an output or data value

e Race conditions are a common problem for programs
that execute multiple tasks in parallel and share data
between the tasks
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Race Conditions

« Race conditions are very difficult to identify and
debug

« Often, code with a race condition can return the same
result thousands of times in testing, but still be
capable of returning a different result

« Avoid race conditions by:
» Controlling shared resources
* Properly sequencing instructions
 |dentifying and protecting critical sections within your code
* Reducing use of variables
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Race Conditions — Shared Resources
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Local Variables

o Tip: Don’t forget to initialize!
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Sequence Structures

 Performs actions in a specific order
 Needs to run its course, no abort
e Both Flat and Stacked
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Sequence Structures

e Use only in special cases

= Run code without error inputs at special time
* FPGA Code

 Not as Main Structure
of your application
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